
a iO m hl l pgisJI 



A . |IU» -w .U^jya < 0)1 

<ucu~>»y»j 4-jL^y' ■» - l «— . 

jL*£ *i UL. J 1 — - AJLa* L»> 

Jam -Sjjipl 

JjJl 4A»l»/tb^t)l |*— i 


jf *&ojJ * %l~ ... V< 

$ j*o jLu>JI -uc ^SL>. 

iu*jij ^jSf« ^jJLc |wi 
jjjl <mL* 


\1". ...VI 


oi£4 - J 1 *— i 





7 


13 

39 

59 


77 

97 

105 

129 

139 

155 

177 


.195 

207 

223 

237 

267 


4 4, ' 3U 


(jJjV t t 

<ujLk4_i5L!1 l At l 

4-uLlo i^II 2ajlj^-Jlj 4jjjJl 4 _> m 11 :JjV1 (J >/~l <lt I 

.. n 1 j is?i I j i i LflJK i!ul )> 3jLU (J >/1 <lt I 

^ i^*l l ^ LxmSJI iljJLUI 


4 a*>1* 1 1 Sjlv^JI 
LjJ , 1 A 1 1 ^_i_aLiI.I 


.... 4^r»Jl Jja3ulJI 

4^1 It) I jJ-aa3L>JI 


4^^%a11j 4-i^l i nJ 1 cLj-^SJI : i ii 1 1 (J u*i d 1 1 

d a ■ oaIjI *« 1 1 : j-jLuaII (JaasJlJI 

(Jltj-uall : (J.iATt (i.1 1 


c ^ i ! 1 :^lu1_JI (Jaas-oJI 


3jIja>J 1 (Ji/i iitt 


l (j j : j. i * a C . jj i /i ( i t l 

... 4,11/ijVl Qj A .1 1 t 4_j I jlj-ll jjjliJf (Ji/intl 


( _jat>j^ 1 4._>$.jaLijJ : j -* (*- uaJLUI 

3 -r 1 1 1 4xusj 9I je-uaJl i— I : j • * <*■ *_l l^J I (_J_iAa_oJI 

ijjZJIj (4 j^caJIj (j-UI : j i*i f. t Ji/i Ml 





cLtUl Lo.y3-L>JI : j*ulc. Ml 

29-5 ^ 0"‘ 5 j"^ : J (J> rf* i rt t l 

4-ajt^JI Su^^JI 
tiiliJt 

2 | y dill'l l fLa-uJI : j-lu£. 2p°Lj-I 1 (J dl I 

^43 4_j^-u-o-»iiJ I 4 jl ^aj>JL 1 : j i*r ?-j-u LU 1 t j M I 

2f^5 4 j^v ' n 1 1 tliL-ulj jJl ‘ ** '1 ' ^ ‘ ■• ' » 1 1 ^1 JLa~~ i ill ’ I ( J ii ^ dl I 

398 t^U 11 


6 



I 


CjlHSlI <L<J jULfl 

* 

JLa-d*_a Lj JLuljj i tL_oVl ^_il_>- i.iilj S^L-i. -n l Ij (JjaJ.LsJI i_jj 4JJ J_a_>JI 

1 J_*_! j d A r. 4_o h_U I iJl) I jl is-> 

(jLtuj^l Jjli. 4jli. cLj ^a-i-uL) I^Jal) JijUll (Jjl i4_aj-£j ^alaJI 4JJI Jlj*-q JuL! 

Lqj Jl3j . (jcLlj {«-! La jjLcuj^l jdc <(<slUL) jflifir jJI ailajj I lj-^1 .Jifi. (^-0 

j> l~>_i > a j LaoL...». 4 *4jl_3_^l*tea (jL^jVI 4 j 4Ul jwk-a t^jJl jl— aJ 1 

t-3 ^.‘C 1 ■ \.£dLA jLw ^^iil ,_jl3jVLi ^ i .i > 4 CjL1jI£UI 4j1 IM mi JLaa "J * ' g jl<* 

* c 

J>U l_it i»i L^jljlj_a (jii jJjLla (Jj I L^jIILLj j-ir t a.jj 1 L^j i j j > l~i 1 i" 1 .n_g t Lijl^ul 

. L>-j J iS^~) ^ L — lae-a 4j^ae_}j d 4j ■*! i jjj < 1 jj I (3^ fr ' I 


« 1 1 3j aa 5j L 1 .-*1 *»JI jL^-a ^3 S^JL-JI 4jj^>_j»- I (_£Jl)! ji 1 — l£L!I * ' nJllI 1 dJj 

jaXiJI u £ (3-^al L$Jj VI LpjLojJLaj SLpJI (JjLuj (2^0 3^-ul^ Vj 5^-jj.ua J_>j ^1.3 - d~lj 
jl 4 jLc. a.-r ~i I 4r»JLi*a 1 j I j n , 1 j~i (jr & L^-kl < ,-tmi^II sl^-eu <_JI £_rvjj 

jn Vn It J jLfl-ilI 4_^~ j 1 1 La-ei> dl La^p 1 ' j ^ .1 1 11 j ■ 3 > 1 1 ^ a 

* 

. La^jJ I JU^Lj 4 1 .i.i~i Cx3_jJ 1 (^3 La^i ^ ^aJj«Jl 

4 Jlxi )j " I I 4_1 _lA 1 1 1 ."i c j Lu^L^jJ 4 <a.l d, 1 4._(_.«_.i il.a.jl 1 iLj-S" I 1 j d 

<4.114ju (>jr 3 tjdJLaLijI Llj^LaJJ 4_aJLa 3jjj_Ja i_iLlSJl Ijl^j ^-.t..ua j jjl Jljlj CjLiISJIj CjLt_aL>JI 

.(Jak.|j_I,l (_y5 <LoL«Jt OI^L^ jjj-i-ujJu jjjjJI 4 j-oL>- 4j«_lLljJIj 4jJjJxJ1 

3 Leu— a (juOjJejJ 4_juaL>JI u^lj-iVLi ^ 1 ~ j‘i jjl ■ .1-01 1 . 1 a 1 '1 il l" . \ * ir* 1 1 1 y^ j -v. 1 

: i—SljutVI aJJb (^-aj , ^.a~ -vJ. I CjLJSj 4_uJjVI CjLjuaL>Jl d . « j . U 1 1 a. j 1 « ! I 
La LiJIjjJj 4_i_«_j_i.Lv! I ^ A-m-flJj d 1 . i.l 1 ■■VI CLi Lo^-lU 1 UJ Lu^iTlii \ ■ 

c^» (j 11 < <'V I * ~ a! i Lgj-auLiuaae^ 3jH I t ul£juj 4 31 »~ 1 1 4 1 1 11 It 1 1 jJb 1 ]r> 1 ! j ‘ • B 

. l^jlr I^IaJ ^jH-5^ eLi I j SjLII l±3 ^ L u ^3 ^aSLrtjj 

4 i al« II ol^j5E-JLl ^JJ (_li- j 1 1 1 tLaJL»JI L^Jjli (_j-jJI 5j_j_jSL3I dj ,<j ~>J I ■ 

. 4_La(^JI 


. 4 ,t '" 1 U. I 4_aeuj>Jlj 4 _lL3j«JI i- tj 1 j 1 j 1 1 j 4-ual«J i diLiL>o'^l d . ^ ■ 

• 4aj- J >ijJ I 4udJiae Oj j a 1 1 1 J j ^ ~>- j La c. 1 j tLaJjJl j 1 ^ aiaar. J I H 

. L^j 4 31 «~ 1 1 4uil3->J.I 4 jl a t II Cjld ^ 1 1 j 1 j iSLlaJI (JLSLaul ■ 
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-uilt 

L&j.jL .- i a jJjLH Sj-i^Lt-tl Cj i « 4 7l-~-J. I ■ 

• I 

Lu- ^1 y<zl I j ^JLiJI l/u 5Jjl ijJLI i_illjjJ ■ 

lIjLlI^ 4 tHa^g i i _ j 1 » a I 1 1 1 ^ja Cr^_3^^ 4 _ul^oL>JI i JLLa > 1 . 1 a ^ja Li-iiaLi. JlSj 

i» ^ 

4 4^aL>a1 Jjj^-laJl SjLj'i/ '■ ! ■ > • 4 a £ A CUSv^. i i <~i I 4j_*_ujJLaJ I j ) lu ll SjLd ^jl j,1_lL>~ I (jylii. ' ^ " *>■ I t 
I JUU j » l_£-) 4 3 1 » ~iJ> 1 Lii I j 4 3 1 " ~s -l 1 4 t j i 1 1 j^jJI i__3^ « 3 ) 4 JU-> Jui-^Uj 


r ' 

Juljj 4JLu1jJ 4 3U~il,l 4_x-il*JI ^aLUI fjjs 4J Ijjiu^aj LjjLi c_)laSJI 

4-l^<3 (jjj 4JUljl 

CxjLS'l cIj-uj 4_*_j_lLJLi 4 fl.LtTi.ll 4 ,.i.oL«JI ^-ia LJlLI ^ c, ->■ ^lg. < iLl£J 1 Ijui J -4 ~ < "I JL3j 

i j llSL! I i*il ^~>ii t r < c. j j jJjj t<_ ll^ a I 4 \ 1 1 1 1 & jijic. jl 4_uLj^t3 jl 4 -uLxaj^ 

■ 4^>.^JI (jyic. 4 l2jIjL>-j £_ijt Ct^ 

: (jyic. 4 _uLl<uSJI ^a-L^Llil {j£. C 4 ).), ~y.U 4 ", . ; 

L/u 3j_j_>.jJLI 4-_u Lj_^_>SJ I 4iajljj-Ilj 4jjjJI 4-jjjJI 4 . { l.-i.i -»-U .j «a < «a : JjVl 

Ui 4 ! Ij (_^jjJI 1 -~* JL^-1 \j 4^j 1 j n-il ‘nil j 3jUI 1 1 1 >*J Ij ^Ij^ 1 

* 

L/tj ^jjUtj 4 -ijI /.ijOI 1 j 1 4 31" ->vl I 4 jj Lj^s-jSL! I £_x4*oJlj 

• CjIj jJI 

4-!L>JI ( _ 7 -3 (JL>Jlj SjLU 4jt-t-jla J 

. 3jLii! lj - -^ia 4 4i3LJI iJUJI 4 li I^ill jljJLI 4 ■' i^ill 

. 4jj i >. 1 II f. I {j£- i^4 -v. : lM 1*H J.^^tt 

4 « . 4 ■■ ^JLc -~.l JL3 j 4 4_JJ L j-J-4-! 1 a 1, .m ,jX. 4^4J-V...ar..l.l i~. : 4_pLU I 3u_>»^JI 

: 4 jojjj 3 

4^Li-u-~>->U il->j 3 . ,.1lj 4 n l~i •»JL I L^JLSLlIiI {j£- -j-^t <^>-v. : 

L/ul^a j 1 j . 4 44 Ui~ i 1 1 4jpljLil 4 £^_>JIj 4pl3j v3U 4^^_>- j<ij 4 Jjlj {jyA I ^^,.3 4^>_S»JI_J 

.4^>JI o3^}j 

* 

4<L3LLaJ1j j;^ l 4j^Iajj ij« .*:.llj ja^LLaJI LiujLieJLI J.^.^11 

a^ikji jisLiii 

4 3_lLLl J 4 Jl3C-cmJI 4 4 ‘'j 3t ~ 4 _i$L,.ilI 1 tL^SJI ^C. ‘ *~ ■ J ■ 1 JeJJ J ^ ^ 1 ‘ 1 

4 ( _ r jL^£JI jLuJlj CjI 3’^JL I j 4 ( _ t jLj_^JI JL>J.lj lCr jLj^SJI 

* 

. 4_uLj^ ( $£*JI 4 JI 1 ! j i Jl] I Ji 4^jlj^^SJI 4jl3|jl)I 3^3J) 4 4^1)^^5151 
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jJH.1 


l -S I j}-d-l] d_l HI .ULlt-U (_J^5 I J l4 L.l.tl— 1.1^1 I «, 1 I J I Jl r-I , i )l 

iLr jL)j_^SJl jJjXlj ‘(*3' I(jao jl^Li-tJM ,Jl_>J^lj I d— I I , i m t? Lit-d_a^ ^ J 1 j 

‘A^'j 

d_ijj_juaJI >dJl ~k~i il hJLi J liJ, l - * ^_ U ■^~>- : j-aLiJI 

^ * 

- d i n iiit jl 1 d i i -i i 1 1 dj^/^/1 ^ o * j tj i ^ ,Cj dJLi_ 4 fO t L^-l-u 1^ 

jjj i 1 1 idjLuuSLjJ^ *d — i-uLSLljIj { e-y i^ill j*~i *>- : J ■ ■ i . it ) 

„ * 

. 4_i^ju3_J I CjWI l^_o» I3 > Cj Llju . )> 1 1 '3 i d-ij^iJl 5 _i epL 1 .1 1 1 LjI^JLI 
3 jIj_>JI d_>-jJ3 . La>j J L 1--1 .a a 1 1 g .1 jy-*-> ^j£. i*~ ■ 1 \ -»■ It 1^ -v. : j— iLxJt J >■"> .ill 

JLdlil ^aj-Ls j jJocIlJlj ( 3 jI^_>JI £^34)3 * 5 jlj_>J! dd>-jj t i ^ » uLtfl^ 

* 

. Ju^j-pJ I jjvi 1^2 l^-cw (3 ‘ 3 j l ^_>J I 

(_)l 3 jVI L^jJj_a_>JLi d-ri.lt * 1. 1 ^ j *LUI jj-C. 1 ‘•■J ' >H 1 ~ , 1 . .-1 ; dJJLJI 3 _la>- jJ I 

: d-c.j_5^a ,J^a--k 3 dJL_u (jjlc. ■ ,~,1 tdiu-Jlj 

1 — — i-I I3 I ^ j 1 I ^j-C. i±u , 1 ~^JJ i^a 3 - : j— l£. ^.uOI J^a dJt 

• d_i_j£^!jj ddLyiai^ (jjU .1 1— 9 ^LiJlj id-y^jjj rdjjLiJl j-^-J djjLUl djL^jjtd3 

i-. J . _ i.£jK-lllj . 4 . ■ _ ! ■ t • rt j'J \ Oj ^ 31 ] 3 -jjSLll jljlt : j ■*■ *- AJI 

.(jjLt-l! ( dj r 1 -^~3 njjLt-ci) 4 _ijIj^-jjJ 1 Cj I a 1 <nj \ j r 4._1. lio J V I Sj ,'~1 3 U < r, ^ 1 1 
1 4 -jj j-Ti^TJ I Lia-oJ I 4 _^Ii_ij i l _psjVI 4 _jSLoaLLiJ J^-C. ■*•■ 1 ' ■»■ H i.-* 2 *- • j .*./•- -ULUt J ’-it I 

^ j. - f- > - 13 (3 i ' T ' “~ 3 Ja\ A , iJ'j Jj^?JJ) 3 i t _ 7 3 \_-a_>.m Jal A ijlj _illj 

. 4 _uLU 3 jjjJl 

4 i 31 _d.j . lj .iji l.'1~J rL £^ < C j,~J djjLilt 1 *•■_.. 1 rr -11 ^ • j .*■/- jl l 

* 

> clolj j J-J^ J j J I 4J-1LC3 i J^jL^JI dJjLcj .(JIoIj^jIjJI d-L)Lc.3 r l1<-LJ 1 j— >J I 


\j. 

(J 3 ~r ~ 1 1 (J-«t3-C.j 1 5 J a " 1 U 3 d_uj_i-ujJI jj ~r-i.^nJ I j d_i_aLLxaJI d-jjL^-JI 

J3— 3 r |.-*| Hj I I II I j i 5 J t ) , zr ~1.1 1 J3 -T i 3 j I , .^i~ j 1( J j) --tiTJ I , , U « < >» ! I j 3 jlj_->JLS' 

. 1 Q .i j i i ,-i 3 3 i d_u I j j 2 *- ..--.II j_«J.I (_ i L(jj 3SI33 i <1 j_i j . .,j\ I 

^Ul y i ^ LLcj id_l^_l]lj 4jj) -T ~ J 1 3 , C mi ^j-C. <*•■■' Jfc-U ^ lid ^ : J. .t. 1- jj^aLiOl J itl 

i^-Llil (. d.j.i a^a~j ,jLLid^l3 -i-ilj I j daJLiiaJlj r'djI^sJL^ . d .i l~ ^ l I 

idjjJiJI jcj id-ijl- i .<--k !\ .]| dj^_?t 3 <Jlj .tUJlidl djj 7-~^ jJ-olj-C.3 idjj-atlll jcj d 1 ^ 1 i { 1 

. Lgjl-u-ua->3 ,J^al 3^.3 
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4_4JlHI 


(jL.i.ii., 1 ^ I 4 j j j j H Lj jl_j_jx>Jl jx. i.~oJ •>■11 : j- ' —c ^jLwJI Jin <i J I 

I 4_illj ^jxvJI i— S^lHI iljjJjj 44_iJjS/1j jl^lj (jyjU.1 i— 3 ^UlJIj <nJI i—S^L-ill 

. tZjLLLJl j>s 

t t jcLojJIj i^ jr ajUI i ^y> jl jjj>J 1 JpojJI JX. lL) .Jl '>Ib :j ,1iC. jjLuJI J^oJlSI 

. ^jjJI jl j fl . i . l l JuJl>»Jj 

~<£>y^ (jj lx. 4 ~>ln l ~i,i~ilj iLilLaJL) 4 -Slt_~ 4 .il ^jjjsLill jx. i.*-^ i rrll ( ,~n/i u 3 „>. : 

: l ‘ J ^ 13 

^ lx . i~i 1 1 1 1 1 . i j 4__lj_*JI j 5 J j (4 — 4.1x11 1 4 - La i. .ill I J X i ^ i i 4 r>-H ^j^i/ 4 - 4 . : ^ ... c J^aL_ 4 jl J i n i i 1 1 

SjjLa-ijJI 4^jx>»j 4<-£LU1 4jjLo_4^JI S^lLl I & 1 III 4 -X.I 4>ljj 1—4^ JjSLII j 4LilLall 

^.I^ill 4 -Sj_».j 44 dj U,.uJ I cjLSIjl-^VIj i4jj 1_« uuJI |»lj_>.lAJ 5^-&Us>.l I 4_£j_>Jlj 4 1 ^ jlx 

l Llijja I xiLlajj I 4 S U i 4 j idjLJj’i/l J J m All SjJillbj 4 4jjLo_i-»JI 3 I ^lx. SjjuiLlxJI 

* 

. 4 — S j 1 .1 1 — a I ij a nil JjlLaj 4 <jljjJj j n 311 jljjlilj 

f I < I j Jjl Ux Uju 4 j i il4.uJI <X_jAJ>J.I JX. 4 1 ~, 1 ) jxt-ll : j-li ^AUI Jux.ill 

* 

1 ^WU-H—lll I I j J ~>~l j 4 L^jljl J_4_j {_yjl _; I— j 4 _4 3 iC-lLx-lJ-tl J iJllL-lSjjSLJIj 4 j3jij l— 

. 4 3 Vi -i»J.I 4 J i <L^-L HI ^_&l jlall j n^jLliJl 1 j 

4 i'v 1 3 II CjLi-uIjjJI CiLljlv 1 1 1 1~ II j. 1 i -r ~... ..I Jx. xlo.l rt-11 i -~i -w : Jj^_iIi_xJ I J-m A 1 1 

• 4jjjjl jJI Cil i .1" Tl l^_o-|j i4_ujUI i I j _nl I j i 1 fl r I j 1 1 j ,i~il <j<C . ,.l~ll 4 1 1 iijjjJ I 4_SjllS_jJlj 

# 

4?JlXi t^y a (J xo4 (JSJ 4_illaJI ^JLa ^..ij n i ^jjlll 4 \*c lm I £ya IjJX. Jj xx a o JLilj 

J_Lc t^jlSJI L^J 4aj_L>. 4 _jj^_*JI ^_>.|^)_U Jjjs 4-X.^.aje^a <__>lj£JI ^a-ciaj i^^.i.xtxll 

.4 iljill IjiXi iJljlxjjlj^ja Jja ^-ixj^o 4jv1_>J| 

ii tl~^.ll I j^J ScllJI 4lljlll.".>lj 4 jIjLi LmIx (Jxtjj I j<u^£L!l t-^jLSJI ^y 1 

.4_ojLSJ( q[» ilaJI j_^3 <111 *Lii jl LajjLstlj 

<111 ^jX-Ju j_$jJI JSLjJI I Ju^-i 4js.l_^i-lj ^ >l"i <J l l_L4) j\^y Uj. * **• i"* J)JJl3I jl I ^ 5 Li.u I 

.^u^SJI Lilsj JLo jl 

^ox-jJl l J^ lj_xajua jjj jjl ^-jjj_jJl j j_iliilJ 3^_i_ Cr^! ^ 1 3 *j’» 1 aS 

.i_ill£JI IjlX SjlxLi^Ilj 

* 4 

.jujjiSII 4^j>.jJ Li^aJLi. Ijuii Lilac J » yj Jlj . -Li. U Jl JjjjlaJI Ill3j-J Jl jLuu ^L*! 4lllj 
jjijjii 
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♦4 *♦ ♦♦ | ♦♦ 



4_u L lc-jSU I s_Lajl 4 jj jjl :(_ljVI (J-uajJl 

« i il^JLSLiiiirt 3 jUI jj ■ * 1 1 

4-J J, i .'-1 JLJ I c Ll O - J^v ! I :lULjJ 1 jj * ^ 1 1 
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d.j-jLa-i^I1 UajljjJlj jjl 1 ^ __ 

JjVl 

^Lubuftll 

I j ' > ~*j 3j jJI 4-iJLj 

(460 - . U 1-t JJ> 3 /-,Q Lq-a.l3»-~i 11)1 it*, if*- iSjjJI 4JaLdt>3 Jj! ^£xljlu 

j^Lcj V j^jJI 3 jHI £yt tjx>Jl L^ju 5jj < -»K 3 fl_o lJzj-c. t.‘~j.i >. i j^LJU 370) 

(2200) {jc. cjjlj SjJ. 4_t3« < >Lill oLiSLUl ^ «»>> SjJJLi 4 31 «"ill jl3j 

ol> (1642 - 1564) jJLJLLa .SjjJI 4_ijiUi (jx. Sxt-Jalj 4 jL>. 1 (jliJu (jl 4_I_i_u 

clj_xl (_yJj j-l 4>1_L»JI SjLcJ i— l.i.< . i.i jjju Lx-£J I j_jjtl!l tljxx Sjujlx j~4x>l_lx 

* 

{jC. SjL^c (jr i> 3jljx>JI (jLi JUs (j»l 626 - 1 56 1 ) ^ ii-i ■ ■ ■ tlj. 4j . <— <.«_4xii I Jxx 

» 

. I JL>- » a^> CJ i 4 i n I^J 1 J i.(J I ^JSLcw 

aJLs ^1727 - 1642) (jJJ-U (^1691 - 1627) Cj^jjj I_a1 

. 4^rjljj_ujJI jJit I j 1M 1 <\a ^J£J1 j j i n ,i~ ^y£ CLitj JJI ^ j j 3 4 
j».L3 <_£jJl (jjjllj jJ7 3 (JjJH s.L>. 1844 - 1766 ^Lc. ^,3 

-JdjJ.1 lS^ lj> 41 j->" I l g ) J J l~» (_yjJl jj. 1 .1 1 1 t_j43_3 4 SjjJI ^*J (3 3 A 4 I-'*- lj-41.) 

4_sL*Jl j-4>1 j It I I (j « J j j . .. . ~il (jjjJI J ^3 Li" i xi 1 Ju9j i ^ - < j- ~ > 4 1 (jj- 3 .VJ I j j_iJ_2uJlj ^Jj "-wVl 

*— j»1794 - 1743 4 jjI^^ ^yA <3^ L&lj4>- i I j ^>jLj jlb ^ i3j jJI ^jc. 

.(f 1826 - 1745)^^, 

' 

t 'j£ - 14-A J-*j liuo* i3 I a'juis 5j jJl 4 _jjLj {jC. jujJLI jJTjJ (jXiIj Vj 

.SjjJI *1-^ <_y3 4j_)_?tjJ u^jjCumiJ 4(-_lUjSJl IJlA i_sljL*t 


SjjJI cLu 


i Lil I CjI a.i_m ~w 4_l4i La . u ) X -«- ~ 1 1 -' Sjjjl frLij ^3 U^" ‘‘‘ , 1 4 9 

J q l l 3j j 4_j->- j_a 4 jjLij 4Jbe_ii Loll t“il q <■..-»- ^ . ' ~ _. a j 

l*i jl pi n j ulV Lai .4_jJLc. 4_j£^jv 4^ LLa I ^ lj 3j iX d c j ^..i i.~ i l ^ It < .ia jn,.‘ ol^-a ^jjLj 
* 

4 1 J ~v. 3j> 4^1 lr> „> ^ J i 4>") CjLj ^SJI {y£- 3j 1 j f . i 4_J\_i_u 4_oLn- I 4 _*ur i“n ^ ■«- * L^jL^ 

(3 44^*0 ^ 4 La L>- 4 - t- i- 4 j I La I . i I j * j -**. I Ij-l3 i I -i 1 1 4 *~ \ 1 a i . i. /^_i 3 ^J_3 1 4 i ~~w. ' | I j ■ A 1 _L 

* 

1(4 4.iij,w i J l 4 -« l m V 1 (j-a Jj I I _Ljv j j i^i 4 (J^ia Cj 1 3 ^1 ^a I ^jX- LlC. 4 4 *n-_t l L ^ | 

. j l>LL ^ I (_ylx. 3j^j^ SjJlS 


i l 3 aJ dil a_i La Lx 4 _t 2 u I ( 2 r'-> 4 Lt^ a I V LaJ I 4 ~i l ^ lAjU , x. j l~^- l , '4 

• 1" 1 1 4*" 1 1 1 1 .1 'w d j X | I j" l~C a 4 rt j i iC 1 I j" 4 L^j 
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JjVI 


i-p- . SjjJI 4_i_uljjJ i _ T c. Ln-JuV ' J^L U JI SjjiUi ^ t -»-" ■ -.1 

* ^ * 

^^u*_D 0.0004) I Jl 3- d -T- i a i a. ul Lilt dj Lc-Lt-n,^- La j*sk,~i j-ll^ 1911 ^Lc ojjg 1 1 

» Li ft) jJ I J I 4-jJilLuJ 15 jJjLlLI Ja 1 

I JoLAJt) 4 31 . "1 1j <Lal^J! t Lse_IiJ I ^>-4 I S.\c. o J JLC, Liui-4 J 1 LoS 

. jl^LI OjljjJ (^yJbvtjJI t_to£^jJLi JyJjt-lj L<ui.a 1 4-4-m La» jjLjj Oil j i ijbcJJl r_g J_ ~k I CjjLSj 

* 

Ull ijjjLa.} (j^a 4 ^i^sLL*JI (^4 IjLa. 4_Lj_aj ^jLL<^) ^j2ijj-xZl> ^La -»- 

: j ^lajJI 1 ulaj>-^La i 0C 4 -jj>^jJL! 

, Li J J‘“ JLaj>* ^_jJ 9 j 1 1 . i (_£) ( ^ 7 _>Li 5 L) 3 ~‘ ‘ “4-^tjjLt^aJ I ■»• -> (_^jLajJl » 4 — J 

. Lijl i ii 4 s_al^cjj £.4 1 4ja- _» .i «aJ ' JjjJictJ <jjjl-3jJI « _i <jj -2 
• 4jr.-L.i.i-4aJ I ( j.uSL.«..ij L^jlajJI (j- 4 JJlC ~ 3 

: US’ otjLiLiil <jj-i ji i mil 

cr^l j- i ' "“J »L*jL<-^a o' oj J J^U>- LiU I Lplaj J 3 J-* o! ~1 

L>' 4 < 4->r > ~ <La r .. i A i^a , l l Ojljj jj' cr^ 1 J JJ ' j-ij Lfl.rtjjJo .Xj>o fi-I L<pl 

. oj 1 OjLdj>a 

t^ j - IL^ o SjjJI L)' (jr^! Q-J '~‘J i L^_tla . j (^ISoLjj^ ^jlajJI jL<,.u-4 L)J — 2 

* 

3j j t j .-i 1 1 aJLi o'j tCjixtuS J-'C <~i i ajjJI ojLo l ^ i 1 _l „>- 3j. i.« i«^i 4 . 3 L\ i a 

1 1 g t-a 4 _a_>.^ 11 Lilt (J^laj ^_aLij <.-.>. I I , II (_y-i i4-i. *^- 3-4 4j^tOLj 4 J 1 jse-Lu-a 4_iLii] 

. SjjJl 3l_J4 (<VJ-u] a_Li ^y3 Lyic. (jlk' ‘LlcijiSuLjl _jl IAjLoj>5 


3ljJ tCt.a Qi-~4 C CI (j'_9 iSjjkJl (ji 4 _jJLi.uJ 1 CllLj 'VI o! — 3 

• ajjJI f«-5=->- 4 _l2j (J-i-ij (j^Aj J_j>- 1 — _j£Jl Cjljl»i4 4_uiu OjljljUa 3jjJl 



3j jJ t c.U-1 (ji ( 1 “ 1 ) 
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<i-ijL<wSJl Ij 4 jj jj I A^ll 


cjljljdl ^3 iJLuJI jjlc. (jLa t 4_uL^£ 4-bL » _ " i. a SjIxJI <jl j LJL c.1 

,5l_jjJl 4 -ijv^JU dj I i. l ^-...i,j l J I JJU2. 

Sjlil (aLLl) i 


s *- j 5 j .Atoms djIjjJI i .1 *i l« 


5 i ‘ LLi djl.L_~vj 




4j^£>3 daljil £_a jl ^ d 1 ~~~ l * 1 £-a 4 1 < <Vi a i(_).u - i a ia JS_cu j 4. « _i, tlaJ 1 ^_y3 daljjJI 

JSLii-i CjljjJI (*j j' j u-^J u>^jVl djIjLiJI ^ ii °> .Molecules djLijj_>4l 

* t 

(j* -*■ ■ ■■ ^jV' j>_a (jljjj . U .“y 1 4 > V ~i a (j-Lre — <^SVl 5JL>- Lai t(J i s-\ . i ta 

Ajj^a jj\sr.*.<£ J I 3jj £A 3jj Ja_ujj (j^jj£LII (_yjLj 4JL>- (jr^J ‘02 Vl 

^u-u 4 X 10 8 ^yJ] 1 X 10 8 j>_a SjjJI j-Li-3 £_Lj_} .Co 2 jL_j_tj*_£jl (jytLi) 

(jl (jr l«_i ljui Lj *(<u_u 2 X 10 1 SjUl j_Li 3 (jl Ll^j- ~ 4 1 I jUa .djVU>JI a j^yja 

[«J (jl i ii ‘VI (jl £_aj ■ jL.a j 1 1 a (_)£ ^ Sjj 5 X 10 6 jl 3jj 5 X 10 7 dJLLa 

* 

(_yjj| 4Lj»LU jj_a 4ljLyJI dj I i aLJ I ( _ 7 _Lc. 1 jL«2L^I 3jjJJ jLo-i (. La l«J 1 ,^l> > 3 °i ,3j jJl 

CAXojJLal 4jjjJl (j_jJi31j dj^Jca-i ^'^1 a ill eJ Li (j-^J • (j jjEa JjLL 


I — lJt_a_ 


I j_Ui o-us^lslj . ^Lm ii iMJ 4X)l2s j j f 3jLaU 4_ial_Lj djl JL>-J I idjlj jJI 

(j^. ^ .-- \ 4 ju 1 _l 4 _i£L 1 I i 4 _uIjj_ljJI ^3 4 — ll i~i i a Jgjvl^aJI ^ 1 * 1 1 diljJ jjt 

4j) .oIjJlU JLuajl JLuaJul (_yii <Ujl J a-tSOl ‘ ~ y*^ C. LaZeJ I (j I j i(_^^_a.^?l )- L ^‘ Ll&J I Lljljj 

lAjjjJl (jjJ (JjL^jJI CjI bl i5*u 4_re lUj ijjj-jJlj a t j t'-, i i ~ 1 1 . ‘^ 1^ ~ a I « i LLai. < ~ < ' ‘i , ija 

V»l t _ * Ir' 1 t- -II V . t Stl 

0" u -‘"“ 


VI Juvt OjL? Sj^IisJl iJJi, (j I VI i_L>.I^JI j • «a ' x 11 ISOtOpeS J 1 O^ 1 ‘ 1 1 ‘ AL^rX Va 

.lLuJw>JI a 1 j ^jSL ! I jdc. t j 2j ' . . . 1 ^~iJ I 

{_y\ (JSLiiuj (_y^i>j . 4.i^a j l -v - (J^tj (_$jjl J_uajjjl e-j -=*. jjljus\ 3jjJI .,L,Cj _a 

4a_o^J J ij — u-L ir. (yu Lm — 1 — j tjj ^jj Cljlj^SULI i>_Ui> JJ >Ji_a t iJL) Lj_4^j_j_ JJ J diLjjJjjjv-i a 

jijLijjjj-iJl jl^^3 .(Binding Energy) iajjJl iSlL ^ -■ . ■ ~ 5 j_Sj Cj Lj_j3 Lj LliljjjJLjjJI 

4-la L^- a ^ua-. ^Jl 3^., j _ » , _ ( ^> 3l_jJ (^ iSjjJI 4 13 ^ » a L^_Jl ^£j — »3 <jy24l ~ _i illj 

3JjL*2Ia 3jjJI (jj^j (_yJlllLij (3l_jjjl (JJ 3 C. JJU2. L&JJui (^ 4jjLtji.a diljj^ *‘S IV L i 

* * * fi 

(j-a i_jj_2j La (_£j 1 i n_ t I Jj>. I^_jj^ 1^ j -v. I Jjv (J 1 1 . 1 ) 1 j) j jJ I Cj I j lIj L3j^ ~i*v I V I JjL2Iu^ . 4jj*_4J I 

,3l^ilJ 

* 

j_L*_i-a i l-Uv JLc. L^jjj 3l_j3 jya (JSLJLlIu jj ‘4-4 iAjJ 1 ^Lc. SjjJI i —u£jJ (IaJlajj 

t t t t 

(JjJtj>Jlj . 1 1 a (J« I~~i it. l^jjj djLjj^lSJVL) 4lal_^a (jy&J • ljU>- 

. 4jj jJI CjLaj. ii ->J1 (ju 4jjLaa (ji^J (1 - I) 



j/v 


AjjUJI AjjULa ( ] - ] ) Jj J->- 


ij \ 

OJJSJ-4 1 

uj^yi 


(jki 24- 10 x 1.67 )1 

(p 24- 10 x 1.67 )1 

1 

1840 

24ISJI 


1 + 

1- 



3 l_^j <t_L_S y# ^ <115 pa ( 1 - 1 ) JjjL_^Jl (_p j-& L^_Sj 

5jjJ j La^Jl < ins-\> (j! (jpj Cjpp>J! j I Cjljp_Jl ps LiitjjJI ^ri_) o Li L .q.1 1 j 

IjU Ijipj . (j’i.Ui.n 10 A _) ^j pj_uj>oVI 3 jU>-j j A 2.5 - 1 4 -O.jjAJ 

7.5 LjjUoO (jjSL j_tjj SjjJl (JUj 5 ljj J. 4 _<_u=>j^!?l SpLII SjjJt (jlS 

. ( 1 - 2 ) Jj _L»J I jj& US 3 j jJt ^3 5 Jjj>-j>J iSj^ 1 uilUi -L>-jJ US . p-a 


J \ j allmUJ V 1 

w 

<i *i.>^>d.l 1 ^jj 


AilSJl 

^ . a V 1 


B" ji e~ 

4-aJ Ll_U 

fjJjS 10‘ 19 x 1.6 

P 10 28 X 9. 1 1 


i 

■h jtP 
1 * n 

tljjv j>j 

f jljS 10‘ 19 x 1.6 

p 10‘ 24 X 1.6726 


^ J . .. A 

4J jLiILa 

j4-^> 

p 10* 24 X 1.6749 



B + ji e + 


f jljS 10-19 x 1.6 

p 10' 28 x 9. 1 1 


J- ■ ■ -g 

Y 

JjLwi 

>-=> 

J-2-U2 

ur>4JI 

.V< 1 II A 

Y 

J jUla 

^JLlo 

* 

Lj^s: j .i is> 


J- 'l" ■ ■! ^ _^-tC 

j 3 jx. 

l_J Li_u j l yj$ 

j y\ 


03 3^ < UH5 .H 

oi>A' 

^ /I ^ ■ . i ^ 

jjaj Sac 

i-_J L -u ^ t p-cT^^jq 

JjLLLa 


U 4 J"1 



1 ^ 3 Lom 3 J Sj jjl thljj£-a Q rt V) ( 1 - 2 ) Jj-X*. 


LrH 4J- 3 U-* '^jljjpSJ’in (JLZLiLi pj ^jJl tljljjJl jUijJ fjja 4-uUa-iS II CjLSjll (JSLUijj 

JjS.jiTil CjljjJI yu ch LjjpjSJ ^ 1 ^1 jji eLZuJl 5-^ U J.L> jl cjLjj'^l ^ LS UL l ^j-^1 

. LljUppI 

» t t t 

^3 L-l-l^LljI )jj_J c-ixii Upp SjjJl j4X> jJjUiij CjljjpiSjVI (jl Uj J 

i -Xy.H, La *U. Ll^ Cy*J 4CoUSjJLIj j_cal_L*JU 4 -L U a -l SJ 1 j 4_uL p >.aJl ^vUL ^ L J 1 

. jl SjjJl (P ^LLaJI CjLjl ^ a pjC.! (_P £jjjHJI (P ^jJI ^jpSJ^I 

J_S_C. jjl Ua_S uZj L jj j j_jJ 1 J-LC. jl ^gj jJl J_1 _jl!1 3j JlII Lliljjj "i . S lVl -i J—C (^jU-uJj 

.3jjJI 4 J 3 S y \ (^jjJI (jjjJl ^jjUjj oLjjjjjJlj cj L j j’l.j, I J 1 
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i IjjJ djjilill AjJuJI — 

Elements, Compounds and Mixtures :JaJl^ijGl^j2.ij ju^Uudi 

id] j (jl^ t3^U0 ' j cj*ilL>Jl «-_i a.i- (jlS o ^-l J j-i 

. (jlS-o 1^1 (j£ fl JjdO J 3 f' (jr* 

J~u3 1 1 1 T I 

4j 3jjj_a j— t«a t If-, I 09 ili LlA a . j^.-lTi_~nJ. I t_ijyLi C^>o Ju>. jj (_y3Jl 3jU,l Cj'VLjv < mi l l ^ r & 

■ O-lLil lZj'^s'LjV. (^SiLli 4 -_L-^o 1_uj V 1 tLi_JI Cjl JlJ»- j J i l 1 « II 0jL£ J< .loJ j .j^M Jt£j_d JlLi .i ) 

. 109 (j^a y ~ i i Jibi Lijjuus 1 4-jl <•. » II j 4_o Lt-a__if3 1 jyo 4 _l_<^a VI cjI i ^_toLl*Jl Lot 

.j i ,-i i » J I tlLIj (_y>fjj>. Alllxdj a iy m it U 4_ijLi_Jl OJL^. jJI (_?-&> SjjlJtj 
< 1 ' -» • ’ 1 j, j f. j , 4_l_>J I J I jJL I 4-I..4-U Ltjt V I 4_U 1 i jJ I Cj I _!,■>■ jJ I t I I '-' i I y-‘-*3 LL*J 1 J.JU j 

oljL->oVl (j_^3 4j j — ua >■ V ,Jj s-jlJI j i.tLIjJI ^--i.Lt.'i -i..i-~j . LlILki 4_j3jj__jLil 

a - d _] I JcLiUJl J>.jJ (jt l y i*\ a \ y.\.is> \ t _ ;r &j .oC5J0 (j-j yv" i l ^^LlajSLJI 

(— 3JL3j CjljLjJl ,_j3a ju • y 1 L«J 1 dljj JaH Cj Ij j 5 JLj>. j * « tl jjj.j jjuLL 

jJLual (^J-TLe-J 3JL>Jl t>Jui> jLi-ll C(_£j_ >■ jrujj (j^a 4 _uLLlJI Cj1j_s« jjl 

JL* (yjLiJI J. t^l«JI <J1 j 1 A lq j' 3 ) -jlj-j-ii 3JLv (jr ja (j 1 (3^<u ^-uaJjJ I jj-JS 3 j 

• I j iCr^ ? 1 -Li^ll 

1^1^ CjljjJl (j^a JU>-lj £jj (jr^ 4 ,j 3ll I 3jU,l <tjLj j...<.^a.l«J 1 i_3j^ju > La^ 

1—qJLa 3jj uljljjJl (j^a 109 (__$! ^-.uaLic. 109 .1 ^x. jja C-j_j II ^ ..3 i 

,_^La ,j^aj J-^a 4 j a i 3 j_j_ixxj 4_tj_i_LaJl J^vj_<a l— <a [ ^ i ay njyj>~^\ ^c, (_kiliej 

• ^ "j 1 ) iK I l a t d j-X 3 ? ' ji i f ■ A AJ 1 

jl (j^a 4_j_jSkILa j 3 -dj-> j-ioLL»Jl (JitAj nAuLta-J^JI (3^3 (j-a 4_il3SLil Ljr S 

Jya (Jj^l i— 3^_>J1 4-dLil 3j^«aj <a_^J I j (^-*"1 ij-^ d 3 ~ ^ i_ii jy->- ^j-d jl_>«jl 

U3^d LaJ-ic.^ . C _J Nj > 1 O _J < L^?~ j J * g-0 H Jj-d j i .-*1 f « 1 1 

- i ^j-iLill i_a! i^ij iJjVI (jn.ij j_i£i jl ^ j j '-->■» l 

* 

c ^ ,i (3- 1 '***- 9 • l "*' t 1 3^U Co ^ jill Nb j ijJSLtiLJ Ni ^jjjJI jj_i_>JI 

U~° °J3^i Kalium ^ ij l^Ul (j^a (^yjLjj <^j I ...l~j-JI J aj j-*J K Jt .A 

t^lc. CjLjJJI ^Laj (jl 4 3 t 3 ->- (j . i*n tj K j_djJl_b IliSL&j . jLaJl (_j.lj.aj ji^ 4 j.,ij_«JI 3jjK 11 
jya (_jjLj tj»j-J j tjT.li.ll Na JdjJI ^ j_j t u l3 j-xJ I Cj Li a ~t ~^.aj (_y3l_i- 3 J r, J - ^ 1 

(_j i i _t It 1 1 (j judl (jJs ^jjjj-atJI jj^j (j^Jj (Nitron a^Sjyi.Vt jya) Natrium ^ydMJl 

.Saltpeter jl Nitre 
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: CjLSjI) 

4j 1 t_^jJU j, j r. ~j) . CjLaXj-II 4_jj£La qI-i til l l l( j i^i t > £-4 4 n 1 ~ -vJ. I j-j-aLuJI lL. lljj .' > 33 
jjS IjUi^j t<_iiaj_La 4j| Cj_>o 4_3jIj 4_t_ojJj I j i3a « ' £_a 3 J_^3_a Lfl.m-a i j-J4aLL*Jl Cr^“ l5 ,$3LafcJ 
<i_XjJ3 j_ :j J3 4_j_)LL) Sjla-J JaaaiJ I j_4 .4_l>l3jl ( i^u3j1 (j^jLij ^A-uaJ U. 

* 4_u i i o i ^ 1 !■ s - • ■ l^^_j 1 l J 1 '"■ * * ^_4 4 t-*. i \ * a t d s>\ t -*• a j < i j c. ^A j I ^ I ^\. Jj — ^jA A 

ijA jjlJjjii 4ajj j-3 tUl i<Sj — >■ ( j . i 4 j — ^aLlxJI CjLIj^. J — >-lj ^a L^. I X l2j 'jU\ 

• L/'->- J J J—ufc j«X. 1 .0 jjJ] 8.0 4 ,...’<' ^£| ll j\s^-ua£j'z}\ 3j!i £4 jj. 1..J 11 

lIjI—^I j — c. 3 _j (j'— t 1 1 24 ^.3 i-i-L... 4_jUa till ^ a ^L. 27 > * 1 ‘C 3 i (jl LiUjuj 

4jl_3 uy * ‘ (ja 30 £-a tj ^J 1 ( ^ya oLiljx. 3 JaJL>. Ijtj Cjyy~3j - 1 j u ’ ' 
CjLx^jJOj J-uaLixJI r , 33 j . (J^lLjj I {jA djl_alj_C, 6 ^ 4 Jjj * U, I £jA 27 

Lc£ i3.SJ^t4 4 - j l». u3 j jl i<^i if jL>oJ ^_j 4 i 3 1 1 ~~ Lg-ll j . LajLjj l i.n il_ai!La LuS^j l^J ^jLi 

4 4^Lxa_j£LII diylcl 3 "ill { _ r 3 Juj k XjJ.1 ol 3 i^-i iCjLljj_jv jj-a i— oJ 133 L^jI 

j-jusLulH £aa->- . 4j 4 jjSJLI j-ioCjJI lIjIjJ j^a i_flJL3j 4 JLjJI iJJuSi >_^jJLl 

4flJuJ_>" (_)*2ul is\ ->• j' O-i.i iiLmS/1 L^.jual jl 4li-ljLll 

i—^jJ.1 3jLc.l J^JI jj-a (jjjjJj 4_i_jj£^j 4iiwljJl v-L^»Li«i l |_^l ^yajj < cJdxitj 

. 4j 4j^S4l J^-uoLlc. jjJ] 

.i ^jJ.1 4 j^SJ0 CjljjJI JJLC._a SJIjJI jj^ajJt ^a-aje-a-i lZjLl^jJU ^c. 

H 2 S0 4 JLa (Molecular Formula) 4 _j_lij^>Jl 4 -Lj.^JI o J_i ^ ^ J 1 4 ^ 1 , j . _ - ' . _ ~t~ a 

i 1 j£Laj . . . (J j-ii ~i ill (JjLaj CtH 5 OH j >*— 1 1 3 >j - H al_>- ^.311 j 

1 j a ^j_a I j < ai < ^_a I diljj JaLu^jl 4 _uLj^ ^_ua^j V 4 _ujj_>J 1 4 « j j 1 1 oJuftJ 

^ cjljjJl ^^3 4 1 3 j< jjlj-J Structural Formula 4 . 0 UJI .^11 cj t U- 

. t j >j ■ 4ajljjJl 4 « 1 .1-, j 

i << hi 1 l _ 4 3a_*_J 1 t ,) £-A 42a jl V a di L_lS^— a J j-i*=> Ll-C. ,jja JaaJ L_>J. 1 jj^33 

. ■ c, . t -> 1 1 1 -«- a ji Homogeneous 4 . ,.‘i l ~ ^ ill > a ^1 l_al 2 LaaJL>JLI^ 
4_3 j 13 4aji_>41 oljj£La 3 , . . ~i t -»- i tl 2a_jiL>4.l ( w ^-^9 • Heterogeneous 

4-13-4^1 (j-aj .jJ>^ tia^Ji^a CaLj^SUl 4_i. < .nj (— 3i3_je3 JlS i4 i urt) JajJliJLl tLatjl 

jaLII t _ r 3 Lilp^uVI i j-<a_aL>. jl ^iLtlaJl ^Xa [J ^L~r.a (Jija 4 n l~i ->X 1 ,JjJL>4t 4-uujLaa3J,l < La_J L>J, 1 



18 



Aajl-a _ . ‘x) t <1 1 i < T I - 

i < mi > l. j.t,4 CjLj^£La O^- j-3 4-jjjjl -» " II j j f <Li-jLr>Jll L al .oljLiJI lIa-JLJ*— aj 

. 7^-11 C . t -> j 1 -»■ n (Jii-a £yi 1 j i, mi i 4 -Ll k JI 4 a1~i . ^ &>3 

i 5 , ..*i l - *- "1 1 j ■** . L i U a u i-uaLs dJL>. Colloidal N^ixturcs 4_ij^_L!l < L~t_>iL>vX I 

* 

4_lj. ~ u lL>j 1 rr alt (jl ^jfC a l j . 1 JU>* 5^j « in JjJLjlU 4j_j£ 2,I 3jUU <j_$^- J < L| J 

JLjwaj t _ =p -HJ t Cj^L>JI (1-2) JSL^Jl LTVi? . lIjLuj^^SLKj l_>-lL -> JI ( _ jr 3 (JLjkJI Laii 

BjLLI i^jlr 



-bjJliJU 


i « '<j“' ll 2jjLj jai 


3-jAjJ1 jIjJU 

CvjuL^I, I ^ Ci-iLU I i ' i<jUI olj) 


4jj^c.) Liijlala j -~ < mJi 1 ^ ~ - .-.LJC jII _>j^aLi»JI 

■v l _'- 1 (<* iJj □ jl (d^L-L-lt) ( j ^ r. H illljj) 

Ci * i > « ..VI i l l tc ij ) ^ 1 1 1 1 1 II uLlI 1 . .^^S* I — l ill 

. Ijkjjl J -*■ y. I a La ^jjj5L11 '. 1 ■ . X j 'i ^JiLj fcl nj II 


3 jUI I^Ll OVLkJI ( 1 - 2 ) JSLji 

*■ C. c * - 

i *~ m T-i .CjjI£ 4 1 1 n*i 4 jLj jl (j-GjLa 4 j^jSHl SjLHI L^jLi jI—lojI iJLa_JL>JLI 1 - °< j «~ j 

1 — ^ Li . ~* Jj *4 _il 1 j-> I 1 j 1 j L^jLa_Ljaj iJliLj^SLa £ya SjLa d^ . L> .->~ -»-" 

£-l-a) 1 1 - 1 1 1 J jl ij _ i i ~i a 1 , , Cjlj L Jj^-i !■ jit j <j-iI <llj L_j£d2l 

4 . 1 -r a Cjlj (Jj) 1 **'-l ' iL/LjjLa £yi Jooii- alii (>jr 3 (^1 « Ull 

^jJI 4_j_*_uaJI ili^l ^ i i ' U LjjU^La (jjJ) CjLLa^l^dl (Jjua_3 4 A a C. ..i,. .», jj i*Lllj ^JII tjfji 
J J < 1 (jr®J 1 4 _jjLj^.._i q (J Ij-I dll 4 jl AC. (CJJJ t (V_LJ L -J _ a- I 4 _>.Ijj 

La^ itLlI ^c. jdULl J 1 . -I n 1 j-.j ,t-„i.~J I 4_dj^_la ). •V .j_i.ii I t O lij ^ a 1 1 4—21 _j a _i*v 3 1 

42j^L } f I J_5cILlji I J 1 Cl LLj 1 U j 1 1 - 1 4 (_yic dl-La^ i^*_JI aLia 4 — lL>2 j.^ C n.“!l ^1 J ~r .“ 1 11 I 

(jr-a — ljlj 1 — a — ie — ~ inLl CjLLa^LiJU d- 1 ^ .4 ^fv.a )j ••• ‘ ■ 1 • "j ^-J ~-j ~ ' 1 

4 _jjjj LscJLa : (j^a-LJi^ < _ jy J I cj LL ) 1 fi . i ..j j i i ii i(Chrorno{ography) LiBlj^-^iiLaj^SLILi 
d^LUL (j^iLstJUl Ja_»iiJl j (Heterogenous) 4 _^U 2 Lo (Homogenous) 

^3 1 ni l d^L^_a d ^ 4 ^-*1 I d^t- 2 ^ 4 ljLaJLa Lual^*. 4 J (jLi j j a-at j 1 (Solution) 

.^Jl ...^ULJl ^La djLrtaj itUI 
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j/V I 

(jj a 4_i-uc. LjJu> 4 IjLi ifrLLlj du_)-H (JlLo JiiLfl ~i -a j-j-c. _^e-3 : (j-ajLotjil Lai 

• du^J 1 dj L. t . i x > L*J jjjC i i_uJa i Lj jui - 1 jJ LaJu_> t i LU di lL.i L^J (j >J 1 

ijjd> j J-3_j i L^J djL^jII (J-ilje H 4 _ijLj|_«_*SL 3I A t ~ .i.. ij 

L^-ilj^SLa > l-> j 1 Lkl I jJjxija Let >L £j_i.i \.*> 1 i -> - i 5 j 3 » .aj > L L i_ - ». i 4 U.j 

.dljj ■ j- 1 •*• ■" " (jia ' (J ' aa ■ J| 13 4_uL^_i-oJI ( ^__>JlaJI ^1 J VmiLi ajL>ul 

Atomic Weight LfjAIt 

(j^jLS (Ji-a t (■ l-L a & II ^ruljja jjiii 37 t j-’ij i .~ a 4 jj jJt J 4 j^Joj i~i~ i \ I (j ( dJU 

(jl Lijj a juft (Jj-aj 1 cLua-xSJI |JLt_a £_axwl 4lu\JjJl >. _ i i . i il l 

^lc. It j«^jVjLt_a t Loi « 1 1 Iju jLd3 i4j^JixJI ad$J jjS, ditjjjl 

* 

Aj^Le-a ^^3 lj'dj_a i l^"l"X jLe-iV ^o^j'i^Le-a w-Lij i^JLJi 3jjJl jJLxJ . SjjJI 4ll£ 

j i <~i ir jj_a 3jj 4 1~ < \ I 4_4 _<_uJLJIj La ^-uaJLc. ^js Sjj 4 Jj^ idlljdL! <U» ui jisji jy 

^<u i .i III ^LLs-LJI (jl-^J (_j-uL_i_uVl tj 3 C J jh 3jj JjVi jl—i ~ < -v VI £_ 2 j jLsj 

L^L^I C , 12- 3jj 4 JlL^ dj_l_4xdl 3ji 4 l~iSl _l J.La " , lm\ 

La^ *—^>*4 ijO-3 ^^ ^jLcujkJ 

S^}}-U± h± 3 ^£ = oj^' 

uy>-jj d^JI ij . a 3jj 4Jn5 


^iXvLtJI djijJi a JJlc, 4jj^ 


JIHI Jj • ■ - jj^ld C 1 " 5 jj 4J1SL3 . 4 jLjLL) ajuJuua L^.~ 1 . 1 i> ^jLa oj-i jLlxj 3 jjJl (jt Lajj 

l-ijj i^ai: 1 .660 x 1 0 “ 4 C * *" 3j j 4jj_^ ) 3 ‘<*£- 1 .992 X 10 t_gjl j . .i ~ 

.( j ciJ 3) jpi yL y j Atomic Mass Unit 4jjjJI jIjlIII 1 ju^ yx. 

Tsotopes jJUkUt 

* * 

(Mass Spec- 4 '~‘C 1 1 ■ a l j U ^ ^l.\ -r.rn..jL> L^lj i Ai jlIx. ^-uoLLaJI ^j_a I j j A Ijjuc ^ i LaP 
a At~ -»- ^ Ji K Ly jjjJl cjljjJl jjda . 4 rtli ■> a d)l!i diljli ^yi l_£ji trometer) 

. j.i<-w * U dUj yLLaj ^j.aiu.3 
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4 ilaJI 4 _LjjuII ^jl t^jLc.) ijyd ‘ 1 1 i^jl_La_JI ^lc. AJCLa^J! Cy a 3 

■ cr* <ly* £j>** o-* griy 3 CJ M- 

20 2 1 22 
io^ ' K) Ne ' uF e 

: 4 > 1 1 l-> 1 I 4 >< ii i j 



iujjJI JISJI 

>— a\ 1 1^-4 Cjy ^ I rS l-^> J 2)_ ^ » * > 0 jjl h*) ^j^-XII t ai \ 1 1 (1-3) ^ 


(j^aJLll LLlljj . Cjljjj.~ii,in _}JuL (^jja *_3>1^}U J^JL) j t r— i i ». ,1 1 jjllaj t_3 V 1_J 

Oj. i~it ST. (_ jr ic. (jfj_i_>J ^JJ_l_l1I {yA %90 Cjlj_Oji.~‘N jlj 3j. tfg ‘- J CjLj 3j_liu_C. *■ 

' 03 12 j_ j » x J^->-l ( _ y lc. ^ 5 lLs-i-i uj jjuc. j (OlijijJLjj 

^cj j j> l-i ) (1000) .jjVI 4. j-j-oLic. (109) 4_*_j_jlaJI a -V. 

5j. i~i r. 4j jjJu-taiJl j i«4 t ja Ll-i \ 1 1 j-£-& 4JLC. L$J (_jia jlj <(jVI 

3 2 1 ^ 

. ^fc .i.a) H J J <U,Hi>^ |H jjLliaj 4 jMj jll J i^jlliu 

Mole 

-CjLljjjJI ^ ij < j-„t , x,.iO jIjjlL) { _y^.x ill l^.jLOut j .1 'V-Tu CjljjJI jjpJ 1_4^ 

j — u^lc. £jA 3jj (jr\>-JjjL_L^JI j-ju^lc. ^yA (jljjj t > ~ I (Jl—J.1 (Jj.i i u 

j~i r\ \c {ja j ^-a j — ualc. oj_>-lj) 3jj - V _ > ,. ~<1 tiLJjjSj i«UI fj ^£JL.iJ 

: 4JLU1 4JjL*II La^ 

C + O 2 -> CO 2 

£-A £ya [ j r £>\SA ^1_3 i Llj-» jLgaJ 1 (j ~ ^xil j 4 jl SjJlII 4jjj 1 1-»~ ..-< .. < V Lijt Lajj 
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JjVI 

Jya 3j!l 200 £_a Jys 3jj 100 t (J ) 1 U u La jic. L-uLL^J . dlljjJI Jyi J I • £ JJlC. 

£-a tjjsjS 3jj 1000 Jr. I j.~ti jl » J- y^ LLi yA 100 ^LuV (j^je < n^aSf I 

^ 3 n y\ •*■ ■ ■ ‘n j V >M dllji JJ-T.J dlljj i < ii ill— 3 . I .A < \ A_j 2000 

* 

JJjLilj . 3j j 1 000 Jya I J .jl JLC.1 £-a JaL*2±JI Jys JU ^ jjl^ 3j jjl 4_lj£ j.i i.ia] j . 2t 1 

^ 3 

dlljj (j-a JoJ_j Jj a 3 . 6.023 X 1 0 |_gj l-i.uj i J3J.I _j-* ^j-yLyoySLll 4_> JaL«.~ i y jJI 

t 23 

J _ i 1 1 1 1 diLoyy- Jrs-tj Jyaj 3jj 6.023 X 1 0“" (jr L- iy_J-ad*_j 

t 23 

IjljS yLuu j . l j . 11 <ji (^yL) 6.023 X 10“" (_7-Lc. 

^ya JjjLs-jJal JJLC. 4jl_! <_gl ^ JjJU l_3j_*_l 3 . jjjLk-jJal JJ_*j 6.023 X 1 0“" JJL*-il 

< M^>jl 3jj 6.023 X 10 ^^ylc. i-je-i iO dlljj (^ys JjJ0_£ 1 C(j Mill uiUj 

. C/'— r * y° LjJ>. ‘6.023 X 10“' (jjc. *02 y ^- . aSjVl diLL^y*. yA J3JU 

. 4.3l~i U. I CjLxiJ.a 11 4j^Hl dlljjJl JJX yu 4_(_4.u.U I yc. 4_.ii ill (.^ iLH JjJL (jl y&A JJ 
J J_c. ‘U-oiULa 1 y^>-JJ J— L b dlljj 1 — i.i, 1 £_a (jyj_y£ Ljjj JuLu .C2H^ (jUij'ill 1 i£Ja (_yi_3 

if 

^j-uLau jj 1 jyLaJU jj-a 4 jI cLi- J j . L_Jajl 1 1 3 ^yb (j^j^SJI dlljj ^Jl_C.j j j Jl_i_^J 1 Cjljj 

Ilia (^l iillL ^jLjj (j* (JyJ 4jl_3 i5j j£ ...t l^JL^a JaLidiJI y\j 

Molecular Weight and Formula Weight uj^ij uj^' 

^ 1 i a y^3 (jl Lai *4 _>oL 1JI dll i ‘Zj 1 l * i ~ 1 1 i ! I y j; l \" I J 1 ^<\ ' » tl J c A .i ~ I l.a.V if 

l <1 '3 *,1 yc, 4 1 ( r\ .i i a d)l_jj_y>Jl < C j-u 3->J l dlLoSJ^I dlLa^yfl jt < J ij yy. 

1 i j£. aj 3Jla»Jl aJL-ib . <j_ya-ibL-iii5 Jayljjj i j «■ j_a diljjiJI 2o_u Jj_a 1( j o< i l l 

jjjfrSLili (_yj-^ a 1 1 a i V I djLii^ jX\ Lai . 5.L,o jt it 1 diLLjy>JI y r. L j -l^-J I 

< ill ■ ■■ II jj^J^/L) a I -k . J 1 1 dlLjJ^I . 1-1 1 -»■“ tiuai I 4_LJ^_a i4_l!L<-u d)lj_jjlj d i a dlLijjl ^ya 

diLi_^jJ0 L? _a 4 1 - •-> ■' ' a diLLy_>. j_ 4_jl id a ^ j . i y . -k ._3i. 1 ( j_jj'^Li 4_Jl_^Jt djLjj^lj 
d.» 1 1 1 i j ^ « 1 1 II OJJ^^ *Lijrt2L La-il_9 l> ^ L- i - X^ I Lll i i i ‘s a ' ^Ls 4_u^jVI 

. ‘ i' 1 1 ^ 1 

j i L>> » 1 g tl i~iiv .(molar mass) 4^'^^Jll d l~i *\ 1 L ^ r ,a.„...i> La ^ ^ « i l l 1 v ~ < »j dLljJ^ 

(^yju d l~<_! I Ljl-£ j^GJL>JI LK ‘ 4 1 ‘iJyyJ I jlyUj d-jJ^J^I dlL^JI Jya (jr^ - 

• dllyjjl jl dllljdk. yja 4a^SLa 3dLU y$&-> L)1 (^*2 • 4 j i « 1 1 3 jUU yj J (J(j>a 1 4L^ 
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I 'U ilgp 1 ^ djjjJ I .. 

Cr^H’Ljjp! 

J-A . e(_£_^_^ll ij^SLLl CjIjJlU 4jjJ-!I (jlj_jVI ^ 

j i ■ -■ ^ j i ^Li] I La 1 .32.0 = 16.0 x 2 ^i i^jjJI (jjj^U > ■•: c . I ■ ,~> ■-, 

= I (jPjOj 5j jJ AjjjJI ul).9^ ^ J>~ n T A 

.44.0 = (16.0 x 2 x 16)2+ 12.0 

(j^g->.ii.“M 1 -r « .a SnF2 j < < < < *4 • ■-> < : J l "i a 

. JSuJIj 

$SnF 2 (j-* 0.4 <4 j^ (_j.ii La . i 

S^<vc. 235.5 j_j 4 SnF 2 jjx. La .^— i 

uOjVI o- l* SnFo Soli ^ » _< i .-> n 4 ^jujo j i 4 4.^j i Ijl& ^ ijL>.^L3 ^Lju 

: 4jj jJI 

1 Sn 1 x 119= 119 

2 F 2x19 = 38 

^5^ > 4 1 157 

LiiJjJ (Jjja 1 / ^v£. 157 _jji> 0 Vj 1^11 jjjjJl 

SnF 2 pL 157 = SnF 2 1 
<2jLal^c. (_jJ( (Jjja 0.4 . I 

fu: 106 

^ 94.2 = J-_ x J_^ 0.4 = (jjjJl 

Jj-* * 

AjLw^I (_jJI jaljLtlujjl (j4Laj LjjL ■ L ~^*vl , 

cjIjl>._jJI |_j4c. iLaiic.5/L . 

Jj-a 1.5 = — ^ — x pL 235.5 - jjlc. 

9& 157 

Chemical Formula V 5L ++44i » 2 ^n 

Cr+^ . J i -T A (J ^ ‘ “ ' jJLI (j-^- 5_i_ j 1 L i U iIj L a^l t .l I A k i~ -».! 1 <4_jj|_L«a_iS4l ^ la »" 
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JjVI 

diJj (jyic-J i4_L« 3ju>-_5 (J7 3 L^Jjljj -5JLC. .i..Xj A\ 4_j^£LU I ^ 1 r_ LiJjj 

# ( 

.i—i^jJLI (JSLii, (jic. L-ixjl LiJjG La£ ■ 1 1 I j . >i « i j.^\ ', « 11 /) ‘ia 

Empirical Formula 4_j/Vl 4, ; u i_^ J I : ^ ^-^.11 ^ 43>t: Ll* ^ Jl ; , ^ 

.Structural Formula 4^UJI 4 « j i. J I J Molecular Formula 4 _Aj^>j1 2 

Z * i T 1 

4 < j < ^>U _a . ijjSLLl diljjiJ 4_rt_t4*_u3 4_jJJuC. 4 > i n~) 4 4 j i 1 1 slut, 

V 1 j J a i^yA (^jjl i. ( .l j " m VI 4 _JjSM 

j i^> ir 4_j_jj^JI 4 j^uXI 4 i li i ill 4^^ ,«.o 4_JaVl 4 « ii.^ll ^ic, i .-> -w ll (^SUjj . CH-,0 

(J£ -1J-4. JL_>o Lillj I_^jj,l (^a 4 _Llj_ 4 4-lj_5 L:r S ,J£ 4jj_£ jl ti .£jJ3 ^>3 

LlUj (4_Jj^l 4 « ^ i^aJl lIiVjJII till] (j^_) 4 -j- i-v . ^ in if 4 i , ,,‘i . t-i , ,, i lj . ^ 

: ^LUI jmi^ 

5j o 4 11 (J7 j3 3j^_>-^_LI 4 l~> ifi 1 1 1 1 3 jiELl) (j4_j_3l£LJl l<i£. 1 .52 L^nl r<5> 4 i i c c.<l .L>. : ,J Ei_a 

^c. 0.44 j — f-* j<tc. 0.078 ^«tc. 0.75 ^ a ,j ^5L~u 1 j a j j (i5^ 4Jlj 

4_JjS?l 4_*_j_uaJl O, N, H, C : ,j-a {j ^jl O-gJ-4 I jl_2 • j j. ~ 1 1 

: J>JI 

; 4_i_u>JI (jr 3 4i~X _i_>o 

1 .52 - (0.75 + 0.078 + 0.44) = ^ 0.25 

C Jjjd 0.062 = ( — — — ^ (C r<ui. 0.75) — j_ul 

VC^ 12.01/ 

H 0.077 — ( (H 0.078) — LA>-_gj - 1 j ^ 4 cjVj-o 

\H 1 .008 / 

N 0.031 — | (N 0.44) = oVjjj jjlc. 

\N jai. 14.00 / 

O 0.016 = ( — ^ J (O *£. 0.25 ) = 0y^3 ^ ' ^ 

V0^16.0/ 
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I vLxj 1 I jj I AjJuJI 

JJLC. 4-!L>JI J -V-& *L&jJLloI ( _ r lii CjVjJLI JJLX. fi ■ »> n > 4_JjVI 4 t j i . t 1 1 jLsej^j 

: (j\ 3e ■ ..‘CjVl 


0 

1.9 

0.031 

N Cj'V 

JJLC. 

T 

1 

0.016 

0 

JJLC. 

4 

3.9 

0.063 

C 

JJLC. 

1 = 

l 

0.016 

0 

JJLC. 

5 

4.8 

0.077 

H CjVjjj 

JJUL 

1 

1 

0.016 

0 jp3 

JJX. 

: 

o^j 

jIjlcVI 

irJL^J 4 t |2| JLa. 

6 

iaulj 


1:2:5 :4=0:N:H:C 

C 4 Hg N 2 0 : 4 -iJjSM 4 » J i \ I (jl I 

o-° ' g j 4 La 1 . 1 248 L$jjj jjj^^LII j£-lm (3-0 4-J-a-S C^^>. : JLLa 

p-c- 1.7264 [_gj' i . itj £uLl!I CO 2 ojj (jL$ jJi^_j>Jl -Ljuj .H 2 0 ^ o>aj C0 2 

Cjy~^3J • 1 j e 1 1 j 1 " - 5 jVI 4 j^xJLI 4 1 4 11 1 1 1 1 0 4 .^c. 0.6534 jjLiJI tUl (jjjj 

w 


lijVjil C (jjj 
l>j^j4' C0 2 <jjj 


:>J! 


x C 02 ujj - C <jjj 




C 0.471 


_ c± 


c. 12 


^44 

l£jX^ H ojj x 2 

■Ji- 

lSjXs^ H 2 0 ojj 


1.7264 = 

x tUI ojj = H ojj 


*L 0.037 =-^ x 0.6534 = 

18 

:oj^j <t_jJLc.j 

%41.86= 100 x - A1A = o^l ^ 
1.1248 
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%6.5 = 100 x ■ °— = 

1.1248 " " 

%5 1 .6 = (4 1 .86 + 6.5) -100 = V- 


A i * >j y 1 1 A a i .-Ml 

. lyyj 5? tliljjJI 4_Jj^1 a « i uai I Cj Lie. L-ia_a Ji_>. I <3 « i i^aJ 1 (jt « ; ‘ 1 

4-j^JLI 4_jjjJl y j a ■ y -z _jl j^^Vl J <<-<11 i3iy-*J jjl LLayXs L<$_JI j j i .'•'yll J 

: ^ LLi 1 J lia I ill! j jJLi.u j . I <j jy) I j * 4_J j V l 4 Jlu^i]J 

4 » , - i- ual l 1 a 4 (194 ty-yaLSJl 3-jli, ( _yjJ_)_>Jl U 1 ^ 13! JLUt yS :JLiLa 

:3jUtl ^JiyS 4yf3-?4l 


: J-JI 

C 4 H 5 N 2 0 yi y_L3l£4J 4_Jj'^l 4 i t jc-a i I 
1 6.0 + ( 1 4.0)2 + ( 1 .00)5 + ( 1 2.0)4 = 97.0 = o3^U 

: yA 4_4jy>Jl 4-iLix^aJl yi 4_JjVI A « , . 11 jl^SLi JJlC. 

? 194 

97.0 


C 8 H 10 N 4 O 2 ji (C 4 H,H 2 0) * 2 4yuy>Jl 4jLyu3Jia 

11 Cjl_^yt_a y3 jyilj Cu X.,*i.j.,hj yu>.jy ~i,. ii.ll 1 1 . 1 51 CjljLc. Jl_^l jJLj-q 

S 4 . Lh 3 92.0 j^yj-aJl 4jjjj NO 2 4_Jj^?l 4~i» 

Jyu j yi. 46.0 — NO 2 4 »j ' ^. 11 i iy<..i_>J. 1 yjyl^ 

2 = — — • = 1 i^yJU NO 2 jly54 l^llyS JJLC. 

46 ~ 


2 * (N02) N204 yt iXuyJl 4\, t ^]\ :. 

<UjLlJI a. 4 . 1 T I 

LiJa_£.j (liajljyJI _ly_j*.j ^^Lol dllj yi Loj i_i£y_ll <tLi-> 4_3_yia 4 «— i i ^ 1 1 ojJt jrt-ij 
5jLLl o i 1 4_ijjy>a! 4 « 2 i.->lt Lo | (CH 9 0 i <1 j“ , ..VI a L^J 4jJjVl 4 < 1 i«-4l_3 . Ly.)yjty 

.4jLii 4Jijyi> _jl i_-i£yJ.I (3^-iu ye. CjLayJjua 4 _j1 ^ jjLjjlujudJI .C 2 H 4 0 2 ° > 
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AGI.'m'v ) I . •-> 1 1 Zjl Ij iujjj I 4 . . 1 1 


: (tLUl jl) 5_iJi l ; . ! I dJLwiJI JjLa^MI (JjLfc (_,!£■ 



: \yX±u-Li'$ I jliJ 4 jjLuJI 4 ii 2 i .rU I (jl 

H — C =C — H 


: ct-* 



Jlla ■ 4-u 1 j a j5vJ I oMiLijJl cLul i _ i « > CjIj—ulIJI 4_uLl4_<SL! I CjVjIaII <_iuSuj 

• C-uj-if x JI i j i ii £ I t _ y j Li LiUj i^La-.4ii£jl ^a iSjaj^S (JilLdj liDj 

: 4_JlnJI 5JjL»JLL) 

S + 02 -> S02 

2-soLUl {j <-ii J l jl i nj jjJl 4-hl i ,i ~ 1, 1 jl^ll j-.ji « ~i U jL>ol (_yic- (" J "' ^ JjUj 

1,1 uiiVL>- 0 A -^ J o • 2 jL*JI ^3 <j d i*it i /) .<11 jLiil j . d ) . <i i ^ji 

: U£ iet>oLl]l 

2H 3 P0 4 + 3Ca(OH) 2 -> 6H 2 0 + Ca 3 (P04) 2 
SJL >. (q)j <«Uj1 ...11 5JL>JI (L,) i4jjLJlII ilLjxJt (g) i4jV u^i\ 511 (s) JiLajj 

•chU! 

VI fclL~>f.V Br 2 jLi ^-a A1 j < -^ *<* 1 a ~ i ^ 

J^UUI IIi^J 4jjjj^o 3 JjL«j» l-^I . AlBr 3 

A1 + Br 2 — > AlBr 2 

■i -' i^ j ~ ^jUaJI (jic. Cjlji 4 j V-JJ jl— 4-u_Jl (_ylc Bf jjG jj \p ~^3 iUl-w \I . 
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JjVIJjuaAJI 

4JjL>J,I 3 —> 2 _i (j’WjJI 5*3 d>ljj 

A1 + 3Br 2 — > 2AlBr 3 

i/jLi A] CjIj j J_LC. J}LoJ 4 -lLs t JI <?-L4 

4JjL»J.I 2 JJjlILi 


2AI + 3Br 2 -4 2AlBr 3 


1 . Ba (0H ) 2 + HC1 -4 BaCI 2 + H 2 0 

2. Mg + FeCI 3 — > Fe MgCI 2 


CjVjUJ. 1 (jljjl :J^ 


1 . Ba (0H ) 2 + 2HC1 -4 BaCl 2 + 2H 2 0 

2. 3Mg + 2FeCI 3 -4 2Fe + 3MgCJ 2 




^>^->0 ^1 | diljjJI (j\j i_>jL>o ( yc. Sjl_±£. 4 _uLi.<ijSJI 

j. j. * i 4-jjjjloj 4_oj\ j j*C 1 1 J Jl.-vu L^. \lajl a vJl <}JL* 3^_^j 

cLul l gMI ^Lj_>vJ _$l 4_>ol2JI 4_jaLUI 4 j—h^ Lo L^ic.Lij jjg. cLjjl -j-t 1 1 

gj A (. j_Aj j i ii AJj J jj^o 5 j-x~i *> 4-2) L.j .4 X ) 1 CjLl^JU i _ r 3j . (J-£ LflJtJ) 

I JDi> 3 jl <~ ) . uj 4_2)La_4_i£L5l j Llxl! <. . i ! I ^ 1 f tiajljjjJl 

. 4JJI c Lui (j] (Jj-uaAlilj JajljjJI p k. * a 3jl».jJI aJ~& (_y* 

* _ .... 

I (j/w 31" -c n cr 2 ijj £ru oUji^JjSJyL] J^slSJI JL a 1 iVI 4-_u_jjVt JojIjjJI ^3113 

4 _ 7 jJt SjjJI ~y~'j uj^-* ^• | ‘ r - (4_JL*Jl) I V I in a£ (J7 ij I o j-c .^-1 

>_ 1 1 u j$j SjjJI ^ t 1 o r_n . (Cation (j^_jjL^) 4_i _>.^_ 4 4 i i >- _.a cjlj cjLjjj.~)<JI i 3 iii 
■ j jl sk. 3J1 £j£. 3jl_i_c 4_u_jj'ii , t 4-Lijl^jJlj .(Anion 1 ) 4 r-r 1 * 11 4 _jJL<-u cj L j ^ 2 ~i*s ) \ 

d .“Jl 4 ,i 1~ ->vi ' 0J~£> (j\J 

(Ionization i j <3 y ol j 2 j j <j\-> — a_ 3 JI ^ 2 , 

cr Lc. 4 iiu ^1 (> »j .(Electron Affinity) 4 _JL: 5_iJl olj 3jj ^ Potential) 
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4ojl <i_i£ 1 1 JgjljjjJlj jjt <jj tail 

i i m , i < a =^j ' s j ' ^ U 3jjJ > *~i_i i K 1 1 j -i j) i 1 1 ljvi La JiijIji^Jl J J-ii 

£_)\jJai5 ‘ ■!■..> 4 i -»- j ^ 4 '. -r- < Xj SjjAii • djLjjjJiSJl < it (^^aL^j 

# # 

(j I I jlSLaj . (j I (_ T lj“ LgJj v >. ■ 1 1 iu 4_J L_<-u 4 i **■ <L j j^-il j * l— J Laai Ljj^- a 5 U 1 

L*l jl^-J < i *t L^jLa 4 ..XI. «“< a £u3Lij_^ cjLL*-iL o^3 • l -r L >‘J- /1 oj^^J L r*3La-u 

; (CjIjLl>-) (Jrwl^a i±j>Lu pit 4-UJjS/I 4UiljJI <(4 jjjjI 4iajlj) (_£ja>.Vl 

. (dJ 5.1 ) ^ ,\jL3 . i<]y iaUo (^yJI 3_^Lia>JI —1 

Na (IS 2 2 S 2 2P 6 3S 1 ) -^ Na + (IS 2 2S 2 2P 6 ) + e* 

. (dJ jJ3 (jjjjSJI 3.61 ) j_jKU 4_u 4_a]SH l£jLa«jJ “iilLLs jjstla : 4_uloJl 3 j U -». 1 1 —2 
Cl (IS 2 2S 2 2P 6 3S 2 3P 5 ) + e -> CP (IS 2 2S 2 2P 6 3S 2 3P 6 ) 


cjLj^jVI ^ru (_ijLtoJI i .n^j dJ^a (5.2) (_£jUaij SJaLb : SiiJlaJl 3 —3 

• 4_d LJ 3 4_l>.^J, 1 


Na + +Cr-> [Na + ] [CP] 


CjjIj i—L-tSjJ ^ ic. (J j) (_p>4 y° LiJ-3-oj ji j-uaLlxSI <■ luuSj 

(Jj i.-i-aH _jl (IS* - , 2S“ 2P 6 ) OjLUI <UjLaAlLj jJg.gJtJ Iju4>_j 4_alUll {£^j~ • ■■ a {jyi 

j-uoLLaJI . 4 1 aLj-J I diljlijl LlUjJ JjLgaS jljuoJJ (_j-lji^a£JI I >-j£y 

jjja JoLaJl jjuJI (jl-v 3.Aj <CoLi!l 4_uLa-iiil ^.Lc. |_^jjjJI ^ 3_*3I^J1 

(j| .3ejLo_4 4_tb».ljJI LiJ^LbVl dJjjj ljufcj (4 _ij>.jL>JI L^3CjJi-i.n.a ( _ T ii 3j^j>-ji,l 

!>Laj Cr*4-> ( j r ua£\ ^^jJs ^y* di\jjj..~ < vi v JI la < jI ■ ..~ 

* ' * 

. <lLaL>Jl diljljjl iilijj ^LiiLi>3 Luj^iSUI LuS^j 4_ij>.jL>JI L^Lj^’i i ..a 

L<Jjl t u .i,. i . > . iiji iv-iU 4 jLJuJ CjLi5ji! oJUSi ^aJa-*-a (jLa 4_aLil 3jj_uajj 

JLut J . g j.^1 , i J L^jl La£ i(_yjL^$£Jl jCjJJ *UI u_t_j ju a i4 in A 1 4.i 1 j^> 

* 

• La i < u I 4 -lSIjC 3jIj_>. d)L>-jJ 


(jp5 1 4_aj^j Vl oLa£jJ,l 4.gj JL*. a I j-ualltJt j-a 4_jj Jj»J,l j.^LLa!! 3~~ LaJlitJ 

,jyt i_ijL*JLll , yt JUp (S_I ,TJ Aajj-lj J^-LiUI i y. 3_>oLl!l 4 _JL-jJI_9 4_j_>.jJ.I oLj^J^I 

. 4 JL** . t u l ' j_ ? j3 4_^jL2u_JH CjLj^jV\ ^iLaaH (1^° (3^^^ <4Jce_iaJ\ ^ J3 4- .i L~t— Li. ' diVj^jV\ 
oljjjt <,1-1 J (JSLilJI 4.,i avLj 4_) 3 j j j Mill dll i 5^J.l ySj ‘ ^ ^ ( jr-fl-a 
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j/vi J-aJdl 


< .M 1 CjL^j! jj! La-£ ,4 _JLuJ 1 JujjiSJI 4 j, -v jJLl n-ill 

^ j L . 3 . 4 r , -r i t i I I ^b 4 J 4bJLie_>a lZjLjj! 4 *i - jjl I (JS JaL^J jjl l jja_JaJ (jr lc- 4 1 ">- j-ll 

JSLiJI i _ r b .^cJI. .. Cl - Na + - Cl - Na + _5-&j 4 , ,. .Vi i_*jj^iJl -l>o 4jM2J1 oLiLaoMI 
4 jj_jj i djL^^>a • (Crystal Lattice) cL^^dl 4^ . .~.i l ^ <1 1 .1 1 La £ j £- < 1 9 .(1 - 2 ) 

4. j ILbJ. 1 djL^jVl ujL^jI 4_ul_iiJ _jl 4 ~ . ,. jl 4_t )jl_l JaL: jcj jjl ,J>5L<U i^J-J vi 

* 

I— «£^JLl 4jLj.ua jl iCjLjjVI aJLji ^aau>J Lljj 1 4 ) -a- jLJ I 



<_ ;r b 4 A I " 1 1 CjLjjVI lT' j 1 bL seJjJl 4 r.j t. ~r a 4 ~r a 4_jjjj'^I 4Jaj(^JIj 

4JajljJl aJuS Sjb . 4j.-autJI 4^jLilil oLl^J^I jbl Till ? ■ a 3 t4j.-au.tJl 

. Lg.<a. ar.>. (Jb Of] 4.1 a- .t< Cj_}t j 

lu^jJJ 4.1 A." ■ iji jl 4lija.Ala ujLjjjja. JL>^jj Mb (JSLCuJl t jjo ^balj jjS La^j 

,4jMiJl diLiLaoMI (jb 4 jJjj9 4jjwjJ| CjLjjjIj 4jJLjJI CjLjjVI Jv-a 4*v i Zj Ja-jj LcjJj iluIjjI-JI {_b 

( 4a_) .LuX I ) 4_aJ t .i T 1 4 L> ijjJt 

aLj— ^Jtj I^I^J L? lc. L,jJj jb (JjuO lljt 4 <nll ^-4 -iJ-C. (_jb OtjIjJI llij *1 ill" 

<?Juk .d»Lo_uaJl jjja t-lJLJ li ^)_j_f. J ~_>M »^> J l ua c-iuJI j L, jljLbj L^jLjJLj 

iiajt^JI (jr «_juj L^jljjL CaljJjUl dilji 42ajlj (jyJI l-g.l.A~ae-j3 oLb-uaJI 

a JfU 4 *s j~. ,~,j La ylb JjjO j^jb ^bLSJJl diLjj^uSJI ^1 <- I _ I > - »4jyLaJl 

Ja j i ■! blj • *— 1 1 J ■jJ I ^ (J v 4— uj^ ~‘Q V I 4 a j cl I 4. i itij La 4.1^ iti a 5j^-LJ I {j,b Cjljbll 

( * 

£ j-£\ t^y ^Jx. \ ^ j " ■ 4 A ^JJ 4JLq 1 * O • 3 l J ^ ♦ aj OLjJi^ <^J } * ^~> 

^3 ‘ . j j ij " » 1^ j x^> 4_t_(i_b3 4- ilr OxjLS* 4-jjLj ^_xj L^-jI VJ i 4 -m *1 > 4>jJI 

. LuJUua LLjj oljibJI 
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Ij^J I ^ 4iUI 


^ ‘a i ) I i \_j ) | | | 1*11 j di i cU 1 1*^ ) l A-Jjt !^_^J 1 4_3 i.La. 1 1 lZj IjlflJ I 

4_o- UJ I j ' f j5la V I j 3j^J_J I jjf J-SIiJj j 1 1 ( j" $ ja 4_]j LLj J I J 3j I j— >J I a i 1 3 1 1 

. <«"> ^1 (jjjd La_a *Lg!LllL> ja* Ljj!rn"i'°f 

* 

JSLtiij j^5L» L^jljj jl i_fJJj ‘ j l.JI j (Jj.LvlJ I^ZLAjL3j l.i f^-ij t lIjI^JLiJI < ■ 3 < ~~i 

jjjj-jj j_LLII ja 3 . La (Jj-Laj LaJtluj tCjlj_jldl I j i L « J Jjj-Ji (*— 1 1 . * ' l " > ) Ji-iLiuo 

* 

ulc. (j 3 ,~ t~i\ ~i j ^~0 \U 45^^>J1 4_i^->- jt VI 1 I j-a Jujj W^ 1 * 1 ^ 4 3 i la J 1 

. L ^Jr- j i ,*i .i i“ jlj L^J SjjLkJLI CjUjuLJI £_a 4_iuiaJI OJ*Jb i-LLujI 

* 

illLij i5_JLc I j aliljl .ill (jLJc.j jl e ut~iI CjL^-jJ Lijau I 4jj-Li]l <LuljJI 

* 

_i \ r jLjjLt 3 jL_C. 4-jj-LjJI a L i j. 1 1 Sji a jljjjj -1 $lx) j3 ^-"11 4jjJaiJ1 4dulj_]l S^JjJ lj_Lij 
4_Lul^_JI (jl J-_>o i i A ja i4j^-Li) 1 4dajl^-Il j_j-!j j 1 a 1 1 3jj l q a. I 3 1 ^jjJI al-tL "5 T1 

,il«ll (^jja L^JLa ^ j.lajjVl (_y^J (jJi 1 pi a jj^l i nj i tU 4jjJLaJI 

* fi t 

^ _1_3 jj 1 ji_i jj-lifv J \ ^ ^-_ 1 _ J .-I _1 i t.1,1 ^Jl_3j La_i._o iljL4>-lj Lj J j-7lO 1 ^ i ' 3 j Cj^ Lil!jj 

l ^ ^ ,a j j *?l J i.aj-T^I (jl jlf. (jj-$ j— m_jj I — a IjLij i I 4jjlj t- l ajJ VI 

UJ-itjjj I S-jj-LiJl <LuljJI (j Ls (J£LjiJj . j. 1 ^'! 1 j I a < ^ijit-a-U 

^ i »J La_a (j-)l3 4_ilL> (j^jl.3 I jjJ] i_iUj jj-jjj 1 4 j a ^Lm ,i 1 1 4 li i \ j 1 1 jya 

La-5 . (j-j-m-U I 4 j^-LoJI 4-Il3lJ 1 ' »i 1 1 k> jaj (j-aj iL^jljj 4 j^jIj CjLjjjjSLJI jr U <-_ijLrcjJI 

<_JL lm M_3 i4_>jL»JI Jlj^-VI f_y£ 4-(j Jr ,~ a jj-C. L^ju 4 j^LiJI 4_Lajl^Jl jllLaj 

.t—JLiJl 4 til 3~ i.i a (jj5~4 4,_ia Al i-. ~J 1 4_L3_>1^j-J\ lal ij-LaJl (j-a 4-».la^ j_yj3 1 . 1 ,-»-^a 

: 4 i a a! i ,.~ T I 


4 ^ il ,L ~iU LUjljjJI j?v '— iLjjj. 1 5 1 VI ^Ijj Li 4_5jUiJLl 4 _u 3>l_a.i ill - < I 1 1 ^ jl-3t ~i . i 

* 

(j-a C-iljj^ "511 (jl j 34 jr^jjall (j_a (jl j jln~x j i~i V <a. ill «.. II 4_) l .<L-lLI I^Luj >4 i ill jail 

* 

3jj J5 3l JJ i ) „X. i~) LiUi ja VjLi^ t4_u^jVl - 1 ' 1 1 (_ T d (JLa»JI ^ £> La-5 (j.'VjL-jJ I l-Ajl_l_a 

I aL-aujI jjj5J3 (_j-^j .dlii \j 1 1 L (jit* ^3i-u ( J-3J I 4 5^ ~ .1. 1 1 lIj Ljj> ~5 1 VI jrjj (jj-lj 4 *‘1 'j ^ 5 

ja ud J. 1 I ~ I a 4_kl ^3-L) La-a Jl_^.Ij j jj ~5JLi 3j j ^-^l— qjJ 4_j_a_A Laa_ll I Ja_il j^JI 

4dJ-Lo jj . (djLjj_ ~J\ ..i,lVl iJ £ aill^ - a — aol) _1 IjLja jJh JlJ-^Jlj .3jj J5J CjLjj, ~5JVI 
^jj33j jiJjljjJI LU5 45^lLLU oLj^35JVI uIjljoI (j^L^i ^ 1^. j - ■■ 33 4-Ajj_>JI ljIjIjLII 

jLdwI^j (jjjLaal (jj-LC’ 4 J a aLluLLII 4-Li-iljJl j ■ " 33 La-5 . 3j j J5 ^ lc. J i i (^pJI >— iljljlLI 
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jjVt 

0^3 J^n_jl_^jJ I ^ wL>. j ^Jja < l^-SJL) <1 i 't-gj 2>^JL9 d-l I (JJ-5 tljljj^- ' lSJ^ 1 1 

_jl SjjJ djjjJI djljdl jL_J>^_JJ JL_3 ^_>-T (j. i « fljj • J— S-tj t2*j9j (_7^ 

. i‘~i_i-v. JjLj ^ 3 *L $ 

icil^yljs^sM Jo^JL^Li 1 4i n diajl^Jt ajjt (jl _j.a> . d . ^ M . ,.~l l , Lt iljj ' t lLuJljkJI j j ■ ■ ■ alJ I Ldt 

i^->- jj jL_ut> (^Jjj j j ) j^i ~ > (H - H) aJL-iIjJI tLiiuj^Ls 4o^ .ri ~ »-Li 

*■ 

j- ^ 1 ^ J J 4 * H fl ^jC. Lud^-C ULljj 1 ^ i Cl ^ l*i - T- i IS * * H ^ Lc_^_l/i ^J£-I 

. Ly^Joa JLxl 3 jJ ^ 

© + 0-^0$ = CZD 

(_ 5 jj Is dLli Is dlli H2 iJla 

_J-d>J dj (_j-li uJt tjl LJ yi£l 1 jlSi JJ -1 I IJ n (^1 l JU_L->JI I . I " [ I i J 

j j » i & 104 djl.l d -d Ld d "it K 1 1 £j_c tjLdi (_lx. LlirJ I -(jl IiLua '•' ~ t ' (jljjjJl 

jg*i ‘ " ' I ■“> ‘ M j jJI H2 L^-ls <_iii ~jjx-i 1 ddi LLaJ 1 j 1 Add JLcj I JL4 J i 

3j_a (. a u-ta j|j.dU Ijl_£> t^c- JjJLLu siUjJj tjl jl_SJL 1 1 j_$j d-li-aLLa (_ Ld—^ld L;r >^\ 

j j id "n siUj . dJisLLaJl (j-o jl. L-a.ll lj_* J—u jjl < < lLa ~ i Li>j , j^i£ ^yi t4_Laj1jJl 

A_i.ii ^ tixj_3e_) (J-iOd ~i 3djje_d 4-fiL<-u-d-i Ju_Lj>J 1 ^>1 hill 

f 

0.74 d-Jal mil ajuij . ^Lnj! JSl Vj * Lj— u 1 , d g In j j 

. dJL-ll jJ( ju 

(_pL«-» CjI j Ajj . ^ 1 1 d_j_jjjJiSJl Ld> ^ Jj) ■ 1 La.^> dla.il^JI ‘XJajjloj 

. , lig- t dhie-i V (Jj\ o"d O' i dj V l ( _ ;r 3 J& UH 1 djLij 

. Q Sigma 1 a y^“’ <4sj1 JjJ cr 1 -^ (|>o tjOij -f^yCa J-C. d l-» a ) 
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<LuL^ 5D t 1^ 4 -lLjJ I 


jj ~> 1 1 jL^ ^L* — 0 _$-* L_a_£j . F2 j_jLaJl ^2 4_Lajl^JI £-_$J (_. ji j^M j L i < I J 

Is'*’ 2s*" j^-uJI 3j jJ Ja<aj cr&^ ‘ Is*” 2S” 2p‘ j^laJI 3jjJ 

j£La-i y l_i 1 ij^ (jSJ . 4_aLj ~ j j i <a ' jjjjJiSLII t.--ii . . I 1 F- jLajjLiJi j_jj( j^£j m> sp^ ! 

j j)l . il l l^ -3 Cy* *— j^lVL 4 a a ! mi l ji jl * Fz e-^j->- j-j-jJLI o' 

jL-LjJ lISLLs i~jN \ lnS> it LLaJj_3eJ jl p ja j\£LLaJ jfLa-i 4 4i i5> fl . 1 i A BjjLuuJI 
i U~>- Lut 1 j^taj jlLLiJI ._-, 31 1 1 j| Uo,j^i iJajLL-'^l La-^J J).i ~a-3j jl jSLaJ jLauJLuls 

La! »(p — p) (5 4 JLjIj (^1 ^j-il J-L , „l (JjLoj Llilj 4 -L_jIjJ l-L^ * I^J L^u 1^ ^ I l *A '‘w 

J^j 3 I LllS" 4ji < a 1 i^i m 4 A Lo ^ ^jl t^l"( *>• ) {j \ ^ ' ii ' I ^)p3 

<lajlj 4 jL i, n 4 £^JJl I Jl2)J . 4JL>»j LTV l J jJ->Jtl 

.(71 . pi) lsL 

(_yJ| i4jJIjl^ j*i/ 4 _ 7 JS j^iiJt l3jj l_£J -.L-Oj-J (^yjJl <l2j^IaJlj 

j L i i 1 1 1 jlS Ij] LiJljcjj 4 ( _ T jjj>. 4jLj 71 4-Lulj La5 (^j-ljLsJ! lLj^Lo-VI Lai . jjiil 4 -LsjIj 

•l£>L- jVj Lr 3 P O- 1 ! tfjji lAl^' 

A 1 . t^» ^Tl A. , /A A l , .,~ 1 1 . 1-4 I iji J t I 

4-5j^L jL^cjI \S > ^ 1 1 <4jjLoiJL>5 5 jj i CjljjiJI o'-* 1 — •L_jj-jS2VI oJ I j~ .~. t ^j._aJ 
1 .' ' j j ! 0 1 ‘ ^~i ) LLIjj 4-La. aLLI]! 4Lj1^)JI ^2 4jj_j^I 1SJVI 4jLrt2uil ^jj^j ^ 1 3 X 

J 4 j 0 ft Li.il) 4 Fi I Lj C* -l~l CI 2 H 2 4 L ) L J-! L .4 lL 3 ~ . .. a ^ If , L 4 1 d lUii* ,., a 

. 4 1 L . i" 1 ,1 a 4-LdjiLuj 4 -LjI_^j j^ySuLS HC1 ljr 2 4Jdu(^J| Lai . 4 iU. ^~ . .. a 

jSj—a t^2 4 .11 . ,. II 4 i 7 e-. 1 i 1 .il i i_L_>J I jSj~a ^_Sj 4 .L a~ . „t I j ■ r , L i l ^ 3 a 

* 

J-xjj .oLjjJI ^yic 1 4 jjLlLLo 5jj i-aj Lc.j^_a lLIj-j-iLII ,jl LiUjj Jl 

* 

. 4jJ LaJ t 4 -LcLoJ I ^a 4aj^^J, I 4aJc-LJ I ^jS^-a (_^-i i L u a V J LtILa I 

3^ y~^ ^ < ^- . i - 2 ~.5-^ ! 4 1 i^il I ySj-A ol- 3 4 iFi 3~ ml, I 4. ua L iai] I lLj I I La i 

t * 

(j-a ^L. Ll a JJ-C (jyL. l£j2L>o L^j'i? 4 LLL^y^ (J jl_*2La JljljJ 4 4-J L.. J I <LLc_wJ I 

4-1 L^J (jl- 3 L$j!-'- u -LI ^_lC Li) IjJLLa^ I (_fj_4-aJJ 4 4_J L,. J I J 4_L^-jil 4~il i-»- .^.11 

* 

■ 4. yw ^a (jrjdvjj jta^JI 4jL^j j j L t l a Ijj 44aJLu j jLi HC1 4- j <4 1 .... 1 1 t ^La jj 1*^ 1 1 

5+ 5- 

H — Cl 

.H 2 O (^h jjiSUI j^j 4-La-i1__jJI l Lajl 4 l~i flSjt jaj 

6+ 5- 

B r — Cl 



j/vi Jn-iaJt 


jjjL»JLI lLijIjj 1 _i i i ii*> 4 J1 c. 4 i ■ 1^3 ^Ja j. i ,j 4_ i . i31 i nil ^ i 4 < < i n j 

* * 

. 4JLkJI <jJU& LJL Li3_^Jo 4 _Lj|^_J| ^ < .1 j i « 1,1^ 

; 4jjLuiaSLIl 4 _liLl 3J| al_>ol 1 ( 8 ) ‘ 3 j->JLi JJjOjI JL3 cj_i_uIj 



3 OjI£ Ijj Lot • {j < L 4 ^-i£l L^- 1 “LL 4 _l_lL2JI lL I I jj^a t(^^_>JI Ijlj 
L^-iiajj (jJlLj 4_cjj_o LLuLS LLa 1 1 ^"1 t^~r A fjjlc. . Uu,»j 4 j t t-i 4 Jiuljj 

tfLol 4_n.Lii Jajljj^Jl o J_& 4 1 u~tf a I jl Lot - ^ j L» 4 ^_i£. ^ (1)^ ^>-VI ( _j^uuJI 

. 4_tol^>. (^3 Ujlil J> j IVi 4-U.I-X3 t^j-Se-LJ Cj_lL i(j'l JLja 
1 1ll LL! j M-t-u -i" j . ^ j L 4 CCl^ L ‘ 1 1 i4_i_lLS HtO _J HC1 CL»Luj-5B_3 

tt 11 (j 1 1 u -l u j — Hi l_a HC1 ( j T _Lx>Jt i~ > 1 1 lj-L. 4 j *4 L I 4 "< r I 

Ijl 3jL^_^il 4JLft j.Ldjj (Debye (j-o) D 4 i. i L 3 1 1 ,_j^LSj : 4_laj>-M-a 

^ ‘ L 4 *J- e- La-gJ J A 1 4—3 [ < .. a l a qb^i-Aj lj jj 1 1 jjl Liil^_C. 

. D4.8 4jl juLa 

I ' a j jl 1 3^ j ' j 4 * 4.ii U\4 lIj LL y.^* ^yJJ 4_j i L 3,1 1 o15j^_>J 1 i~> j 

5j . U 3 U jljll [jljji ^ 4t^,-w\L La j t .iJij LL <4 j iL3ll jtjJ,! ^->L>-j j ^Ljjl h 

. jS>.y\ fjh L^« -i 

CpLLJ_>JI ij^-i 

jl 4 .L^n 4JL>J1 ( _ 3 -3 (_)Ll*j ^41 1 ^ i ^> *j CjLL^_>JI JlJLj jj-4 Sjljj^c. ^3->t LilLua 
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C \ JgU 1 AjjllJ I 4 a 1 1.? I 


i_ol >ui (_£j_3JI 4 >JUS • LsUj— (jlj ( 3 -jl—i-u (j^a Lu — ual ‘dJjL 


. Julj La-p ^ylJl j (jl^ I^_^j 4 j 1 1 - 1 3 H Ll)l_ijjj>JI 

: J>al_j-*J1 oJL£ ^q-aI ^y3j i Ig.jlf. tip La^xuu-oj (jLaJ J>ai_j£. 3j^J ^paJl fL* >jLlij 

uru ^3 Orientation Energy cjUu^^JI uujyi ^ <_>GUJI ^_jjL^UI ^j-a -1 
Lupa J j jU <_JLuJl l- '^ j. U ! I (j_jSLi tL-pc . j * i i_uLaij i—Jpj fj i l-> a Ep CjLl)p>. 

. ^yu5>L»J Ljj 4- l. ~» - j-l I 1—9 I (j^a 




j ‘ r t^js- ji 3jj ^y> Li-i^-a i «L3 ~ lu_^« j ( jc. d_ >» jUJ! >— jjl ~r "11 3j_a —2 

(j a i..i~i i_jjL>o Spa Lq-^-Ll) Liijjj pa i j j lr> 9 ^u«aj (jl (jit (^LJI (Jj^l <-■ .t E a 44.^4 l->3~i mo 

.Inductive Energy iaLL> 

eiiljLiJI Dispersion Energy o-pPuil d^Uo 3LwJU a-jjLtill 3_^a -3 

LjjJwt jla i to ,~rJJ I i-illa 3* . ..VI ^ g 3 a (jit aLi-i l^a^a (jLd-iJ 4 LSj_j-C, jj-a dlaLLIl 

4_^>. Lp_api^JI (jt Ju>o iU ^Ja (jruvjjjjji 3ji 

dJL£> _p_p 'i — ~ . L*i c. “- El , .. j^v. 1 0 ^ja (jl_JcL 3 i ^Jj d L t- 11 1 4 <j 1 1 4 _i.I~v 3 1 a a (j^jSLi 

* 

4 j-a Ljj_ 9 L^jjpiSLII (jj<Ll 1 _£juL^ (J Jl t . ) I j 1 vv~ 9 ;3jjLt-a (jt>.jj.JLul 5jj (j_Lc. <5j jJI 

. 1 a ^ I j.) 4_)jL>o CLij J cv 4_4-Lj.xi.j La^a p^a LxJj^ L$j_jjjj_ij 

« . . * 

(p^pj-Sl (Jjl (jL^ * jJ LS^- j- 3 (jLS cLajljj (jjpJj (_ 3 -tc- lj_o L3 _>E£l 3^-3JI Juuj 

3_^j_pJl ^L!uj_>JI LijpjG ‘j*l 930 jilc ^ j— LJ ^3 j_l 2 jaJL*Jl Lajj^j 

^Ej-) LaJ_L*_3 • L 4 jl-l a 3 r 4 - 4 .nl jl l ^ ' < i ~ i~ i ~ 3^_<_lP d— ij j j-j.'CJ I CjI a t C alia: jPUl 

IjJ 1 1 a j ijj (jjii! jljyjj-9 (jPjpv (j-u d-LLllil d -^. 1 •..t l *ei)Lljj_>JI 

U^ 3 L7^* ‘HC1 dlEjp^. Lp^a HI L — U "'- J 1 

HC1 (jl j'f 1 a pj 4 ^ 35-) ^_al 1 11 > HI (jLic. 4ij5.j,i (ji 4 . 11.1 j (J_Jij 1 d il-.'a _p^i HC1 

o 

.(f 85- ) (^jL^ 

1 L — Lr^ 1 4 J . I. .U d_ul£La] Cjllj 1 nK' a 4 d)l_jjj^>Jl (JIPL 4 HL 1 (JLij_il jp (_£ jH ' ~~ —4 

il 43lj^>.jil t . 4JUU=> » (^ji (^j-iJl djui (j^-ij • 1 4 P-I (jUa i^_ 3 ^ 

d-Ej I jJI a_£LLs 4 I - 1 - 444 J ~ a 1 a Id J . (J_ 5 — a / (Jj->- j lj 5 42 - 4.2 (j-u l_a I j ~ al U ->-jl j. ~~ 

• (J^-a j (Jj^» jl & 420 d j a a! . ,.~ 1 1 
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JjVl 


tlLljj oljjJI t i i *C^J J 4-j jjJt 4_j.i. J I 0j £- 3 ^ i i .~> _g-J (J-ua_aJI I Jui) ( _ T i fLj J . ..SJ 

i j_l^>1_L»JLi « - T iJ I jqj Lc_£i 3 jjl!1 cjU^SLo jjixJLj SjjiJ j j Wi ! I 

(JjJll (*-> »<^Lx4_jSJ 1 cjVjLtilj i^sLLaj ioLaS^JUj 

^L-ij I jjJ \ 4.mi ^U-a Ci/. j Jj-zxaJI 4 jL(}-) j ■ <LuLl<i-i£J1 CjLiSj— oJJ 4_u\_LJ( ^ j i r\ i 1 j 

. d .i 1" r >> 1 1 a iM_. a tK ! I 

L^JlSLuulj iSjLUj 4.SU.~1I t_yuu fi'~ i ii ij»jLSJI jj i /3 - a 1 I (jjjaj 

> r j.ij.~J I iJT-i-a SjsLual 
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<LijL4-i £ J I 4 k i i l l . 

< j£)Uj 3 aiuJ 

j£jl -1 

.4_uj^j>JI 4jl-u qJ l_g 4 _ljLLJI 4-«.j 11 ^Vu) La —2 

: (jL-a £_a SjjJI —3 

: Lu j-Laj —4 

-i 


• J>0 ~v 

• L?J^ --»■ 

. d.j.Ij.r^-jj. Lig 1 1 4-LuljJI — J 

. 4 -ujjVI <lLijIjJI — 


• ul»LbJ^JI £j-vj 1 — 1 M ■*- " ' I — _J 

* 

lALbLvJ L*_ua^a 9tliJjL>JI *■ j j ^ 1 1 d_. A A I ■ . -~ T 1 .U iljj 11 J_I . .. A" t jSLw < A X —5 

. 4 j i L in ! I 4_j_LLiiII 4 i-aftL n" ! I 4Ja-ll^JI ^_i JLLcj ^>t.u3j —6 

- p ■ -y-1 1 4_J LJ ! oL^il ^43 4 U» 1 1 ^J| j y-t- -1 

. £j\ L~ > 11 VI — 2 - ' j.ajtVI JLjj^ji^ (iJli — 1 

I (_r-*Li —4 . Ju^jA£ —3 

. (j 114,1 — 6 • (j^a —5 

. j^KJI jLA -7 

i— *S^JLI tji-j (JLjxj ^_43_j —8 

: 4 JI 1 II JLuijjJl ( _ Jr b 4 ^ 1 L> ii 1 1 jL>ol ( 8 ) 1 — 3j_»JLi JJjuJI »■ > -»-~ ■ .. l —9 

H 3 C - OH, H 2 N-H, H 3 C - Li, H 3 C - NH 2 , H 3 C - Br. 

238 

jj_c. La JSJ ^ 180 (^jjVl caLLui^iJI -10 

. jj>-ljJl jIaLJI ^ 3 -^ IjjijI I tialj j 
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■ ‘ l ^7 Vj (LjjJliLili 2 jUI 


il^3V j_30j > L^J LS^u/i » 3 jIII 


3 jU,I 4 j ■ . t-, 


i_o» cUjj uj jjl ^qJLjlJI 4 « j i l~t tiiT ill j ^ i s\ « J I j i >* (jLi-o-iV I 

( _ 7 JLc. Cj.a_c.L-u 4 a ^11 cjUaLL-lf^l ,j _4 ^ j^l l cJJj Li " , » VI j 4 ij_»JU 

. Lp. K~ 1 1 j I j j L~ 

* 

tLiLi 4 . J-LLjj t .^1 1 i 4 t~i lj^ l.tv. t _l .« „i~"i j 4 t~ l^J r .". (_^| L^jLi 5 jlil l_ 3 ^_ju^j 

* * 

jL?tjJ (jlfT I jj jlj. ^ ~ . ..Nl j| 4 ULsI j (jl£ 1 1st ^^SLuuJI f ■ ■• y 

t * 

3j^ (jl L-u-J-uuJ j ^4e_l Lg-I < l_AreJu ( _ 7 jJ! 1J 4jjj (j_0 ^Li<_4 jQ.uui.'V- 4 1~ “C 

f 

4 ,-r J ~ 1 iLbL (_>ui-jJ I (jjjjj (_>u3jVI ^ Li Ml (J-Lc. 4-LaJL) ( _j^ (^yja m 4 ) i"i 1 11 J 1 4_ujL>J| 

4 jo LpJI Ci_l L£ IjJ eta il 4 i4_jj^J j-ul j 1 1 (^-ul j A 11 (j-4 jUm v 4 1 ~ *s jl >■ )j CUjJ 

LijljejJ ^SLyja 4 jjLj ^..>,< 1 ~ »-J I 4.l7t$> ‘(JLa. 4_il (_ylc. j 4 n j 1 « .a ^ .■ l ■ 3 1 1 aUm 4 . . >> j V 1 

4m ~ i . i *\ 1 1 j3 ^ I jJ r .. 3 ,.uL 4 _jLhjl 1 I 4JL£ tl^p-J (^^Ln-jj 1 4uJf t l «-4 4-t^ £_4 SjjLSud ,j_io 

jl>.I^J! jlj^Tla ^j-uJL 4_JjjJI Cj I jl>._jJ L 4-L5L! I (_pL33j .3 jo.I^J1 4 iC U jj jl 

j_c_3JI ^Um i ^ylc. 4_jjjLpJl ^jLuuj (jj&jj “' -Lc. 9.81 4 1:^ 1 1 (j^a 

t / 

J ^ ni l ^ U M l (ji^. ^ r , 1,11 j > Jl (jjj djjj ,_)-u_l_4-u I.L .T_a Ljl 1 ■' ^ 

• (j^J«-3_jJL I (jjlc. 4 jj I - ,* 4 lljS (_pa j V t (_ 7 ic. 4j j J 

. ^ .1, . 1 > j I (Amount mutter) 3 jULI 4 1 ^ L^ji ^ t c 4 1 m j . a 1 ^ 1 4 rx 1 1 ‘ ♦ j 

4JL-S 4_ju jlj^ ll (^j-iii ^iLJI Liil 4_LSU1 (j-oLpSJ 4 jjLj_*II Sjo-^JIj 

% 10 j ^j_L-u>L) %90 4 1 * u_ 1 j) j * ~'N ‘ 11 4£L i—i -u p— 4 4 f jii/i 1^ 4_) L . . .I 

^L_4JjI 2~1j4J (_j-u_IjLj <_J J—£ (JM/i J 211 (j-JjjJI J— SjJLL 4_!jj_fl — re — 4 (j»J_J_Ujl 

ijS’i u^>~ ^oJj 1901 JjL-ajVI I j-* j3_«_jj ,^s_lui 3.9 La j-L-i^ j 3.9 4 ~i I ^_L , .S 1 

. (j-4jjt ^4 J l «T) V ^^ J -LG^LJI 4~Aj I 1 . 1 jV jLaj^l IjL* (_,!£. (^1 

o*jI . n-K . ii.je.~i iuL cljjj ^jLpIl ^.LSJL l^gjjl-44-i 4_iLijJLl (JjSJ! 

oj£j {jr £> L^-ll l ST (jLa (^j Lp Jll ^4 4 Jj_^>JU 4JISUI cJjLu IjLa 
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(jiliJl J.n.ilt 


3jLI 

4-IL»- f- a-L O j 4 l L . o jlj_a jl SijLoi jl^-a ji oljLc. i » Laj 3jUI jL_>-jj 

- J HojUll Cj^/L>J1 o 1 A ^yt l 

oijUJi 

^l 3 .oljLiJl i . 3 i . ,- >^J 4jLaJt-3-aiJl I oL^-M-L-ua^M jj*a i *•. 1 , l ■>. II i t^_>Jl ( JuS ( _ 7 ij I JL lLlm 

. OljLiJl lIL, 1 1 u jjoie_i 

4_Ljjl!I O^-i o'jLiJJ 4.> >.^11 b $ .SjULl illLi 4.1 i ...Vi ^jjl £4 ^Jl)I j_4> 3jLa 4_)1 (j! 

oljJLUl 3 jo-_^j SjLc. ^*l_>JI 1 jl& jjLiJl <_lUi 4.1 t_L i ^jjl aLcjJI o- u ^ J 3^ 

'l 

i_jjtSLo j S i i-a ~ 1 1 -u (jLs (<u-uVt y * i ~-i ~ i Ll£j .(C ) <. _ < till j " j * ~ ' ■ ■■" _ji (ML) illtl^ 


3j^a 1000 03 ^ o»4 jJt jiUlj ^ « I .v> Jj-L (jjJI l_<j 6L1I j-A 

3 • 3 

^<5-i-u a ^_j_4 l_oJI ^j^a »■ ^-4 (_£jJI Jo-I^J' j ~ o jlllll ^jLij ' V tj (j ja-i-u I (j-a 

I OljLiJl O' 3 ts~i . Owlj 
: (Jjj-i j jjL3 j OUiOLiVl 4 jJjL3 

4 i i^->LjJ' 0JL4> ^ .-> V '~ ij Jai i 1 7-i I>U 3j_LjSJt I il-3 oljLLU Sj-Lall oLuoJI ^j-a (jj 

t 

4jjLj 3j'^l. 4js»jj jlLc. : jjl (^yic si ij Boyle S LflW (1662) 4jO< jjjjLZj Lysil 

* * 

i 3 r I i I jjj . 4 j ' T. t l-i 1 .LU.II lL t J>yj l ^_a l i_auSLc i _ ■ < .it i !«>->■ j Lc ^a 4 j_j_*_a 4 LS' 4 I i nil 
3jj jU, 4 m C. Cr'-ri (2 - 1) (JSLiuJ'j r" Jij 0 P 3 ‘-Int li^'l 

tLL^J l , L » |>|11 (_>«uSv 1' lJlc.Li o . 7i IjUi dJjctTLa L yj^ aj Sjj^oj 4 Li 3 a 4-jljL ,,,j 

j^SLa-ij ij, L^>^l 4_a-^cc» i.i in 1 <_,-!] Joj 4 a La-Lo LiojI ( 3c .i i > i "j jLiJI 

(jui (2 - 2) (JSLiJl ^ La-5 - P.V ^ao^_>Jl ^->1 1 L « iMI (JdW O^- 1 ^ 

^jlc. Jj_i_b (_JJ^a_*Jl jjoJU Lai jLiJI jj-a 4 m C iU> <0 ^.3 4^/1 J^LL' (Jj-cj ^L-JI 

: 4 J]^I SJjLJLL Jlaj Hyper - bole juljJI j-kill j-a> 4lio3 ^ jJl 

PV = ouL 

V = jl 

P 

* 

(jLS LI >LLa-3 (L^jjIjo. 4_>-jJj 4 m « II |jj_3 (jrt-C. LJ I QM 4 ) J j « ~ i j OjLJ I jlj_3_a jjj 
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aL£-u3l^-»>j iL^JLSLil. 3 jU1 


4 i » 


jJLc. CjIjJLjJ 4_*jj1 


7r i I.-1J I | g 0 


i\j3 4j a_>. lLs a » tla 4 _ju) 1 JuX 1 — AJLlJlS' 


.AijUJU ^>3 j| j^jjLuJl La] Iju4 4 l~i ->• jLa (ji-OJJ J->-lj 



Iaaaaaaaa 

Lsaaaaaaa 


AAAAAAA/ 
\AAAAAAA 
A A A A AAA A 

AAAAAAAA 
A A A A A A A A 

AAAAAAAA 
aaaaaaaa 
\AAAAAAA 
AAAAAAAA 
VAAAAAAA 


P = P 



Lsaaaaaaa 
1 A A A A A A A A 


AAAAAAAA 
■V A A A A A A A I 
A A A A A A A A 
AAA A A A A A 

Aaaaaaaa 


P = 2/1 P 


V = VI 


V= 1/2 VI 


.U X .>»H j p ■»■ vTI jji I ~£ ^M« 11 (2 - 1 ) (JSLi 



LjljUU ^->>Jk]I ^_a . lr-< « lilll (jiLi-JI (2 “ 2 ) Ji-i 

« * 

^ic. jjjjLilil £xasieJ (jl jLc. (jjV jjSLaJj <Lo-il-2 Jojv^Lj V (Jjjj (jj-lLS-i (jl 

jl . Li i i ^ T1 jljjl 1 a W (jSUj C ^J-IL*J1 3jlj^>JI CjL>-^jj 4, ‘ i~i .i fe- it I ■ Us j « .^11 jjc. jjjjl ^cjcj 

.jjjUJI IjL* (jx jjjJJl 3jl^>Jl 4->.jJ i"i i ^i-a.Tg-1 j 


^ l\ « ~a (jJjlj->JI JJ_a_Hil L$jj_i 29 (_yX CjljLiJJ ~o y j -oJLI lIjI A-i^-yll J\a 

* 

SjLjjJI lal. a C. (jSLajj 3jl^j>JI 4 _jxjJ ^LsjjL jljjj ' o a jjLs j-uaLij»JI 

t _ T lx 4-j I j t- i 1 .il jLc. ^a 4 _ L l « a 4Jj£ (j n La_Lix 3jl^->JI 4-».j.J jLijjl ^a ^a_^>JI 

I jJ 4 jjL) 11 1 .1 ^^ix 1 (j-3 4 I (j^SLlj ( 1 - 3) lIA-wV a 4..g$ i ‘ \j ~ n .. X a 

(_j-lx jLS (_ y ii ^ 1 ' j)l jLJlU (j’t V- iilj JlIx l!A~w jLi 9 ib . V-. « 1 Vi C.i_tkj j\_*Jl 4 * .<- 3 A 

. jljjj Lilljuj 
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J.nAl i 


a 



1 1 ■ 
_LU 


A 

Li * 11 

1 • V • V *V •*.' •'• <■ *V • 

1 ■■ .■■ ,■ • d- .■■,■■ «■ . , 
■ ■ ■■ ■ * '■*% • ■■%« 

■•■■■ •»■•■« p i» ■»■■•■'■ • 

■V -V *V * V* V • V ■ 



^ Temperature 
increase 


decrease 




• 4 ^ Lc d_l 1 J , -i f ( 2 “ 3 ) 

(_yic. 4 i 4 ( jJ t JaLijJI (_J JLj dl) j ~ >- L (j . d i-uj ^<jj Jl 3 4_i_s-!lj-<w jiLiSjl (2 - 4) (JSLilJi U_£ 

* 

5jlj->Jl lIjL>.jJ < iAd ~^-)j IjpJ l 1 )L>.j 2 1 » -w. j ii'i (jt-j A iJ n v 

# s 

i_il!j £_dj ^ya ^J_xt JaLSj (jr lc. (Jj-uajvJl ^SL«j V l±LLlij ^LjL^u jliJl Ij-tifT 

■ la j-Jl ^j-d Jn.>. yLa j-4> Ldii 4 ila-d **-.U I jCu-aJLmll .^aJsJi JLjxj LojjjcS 

* 

4 In dill d-L£ Jl i C.& l jla o jo_3e— >JI 1 , ^Tj 1 5 In 3 t It ^J] 4jl_3 ^In d ill 

d- « . ~ ^- J . I jLiJI d_tc.jj (jr^ dJu& J l aJL u f.273.15- 4jjL^i_d ijljJ-JI 

. 4_>jJxjJI J_Lc. d L, « . l~, 



CjljLkll SjtjjOl d_>.jj p+vjJ I (2 - 4) JSLU 1 

f c 

SjIj^kJI 4^j-jJ LjJjJo t-o-uLilj jLi. jyJ ujj 4 ' * ‘ L J U* -Lsj 

{_yL cjj (1787) (JjLii jj^-iLdJ JU jLiJI i_J_^Ll*J ^da rrlU Ijl£>j Cj_>Lj I. ln Li n iu*j 4- dlln U 
K djLdKj <j1 t L i-j ->- (K) 3jlj->J1 4_>.jJ X 4_jjlj 4 a.jlS = (V) fidt->JLi LjLloLji 4_1c j- i * -} <j1 
. jLiJI d i ^\c.j . L « < >i U (jlc ..V.fl" « > C-i-iLjl J . 1» < H 4,^ j4 (jd A ^ (jr^ 1 

i^i •»- *d j_g jLiJI jt ^LLU jL*-5l 

# 

4_jJ^_SJI 3jl^J>Jl dlL>-jJ5 -l_jjL^ LJLc i In « 1^11 1 J 3 S 4 Ld. t if . JjLi 

j_~ i, I (j-d 1 Jn ~w 1 ^hoe_>JI 4^vjJl 5! dJUi (jjd i—jj-aJLiJ 4J ^ . _ l.i.*j 4-^.jJ 

. JjLi o^jl^ tj-d 
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■ l j ..-i i ^ (LjJISLil. SjIII 


iLtjJui a l? .j^jJlJ .j^jLd 


(jjjJI J ijjjLS Lyja JUvl J tLx._a (jji j-jSH _ji (>jjLc. £_uOj J_Lc I la -: v ^Ll 1 I 3 J 

{ j-a . til ■ .,{ I I . U » | : £j i {jr ic. (j JJ LSJ I I JL4> u ^lj j (1801) 4-0 j — >J I 

* 

tioJu-laJI CjljLiJI ,JSJ lajl i n a CjIjUlH 

cL-C-^JI J >-J t Is j jl iJI 4-ULt.uJ (^jJI ' t-i « i .T 11 4_jl Lr^ jl « - LI 

(JSJ l^J 4_uMill oj- 1 ^ (2-5) JSLllJI 

*■ 

ijji 4 ■ a £ (jtj pw* 6 L 7 -I| LjaLox>3 l ,jl-i LLuajJa I jUa JLaJLiJhJl (jjjLuiJ jJj-a^jLs L^J>3 

iJjjLjj fU-u 10 (^1 Ljq Le a -Q I J U i , '-■> (jjliJl (^1 >~< -r IS) -X-3 

* 

16 = Ja t- i>JI jjl tiJULll JjjjLii^aJI <yL3* .JjJUx^JIj (J_n-pe-cu^ 8/ 1 3 L£ lliZj IjJ 

: (_JSL<I»JLi >_JI < v t (jlj 4-aLc. 5 julIj3j f 1 ^ 


... + P3 + P 2 + P| - P,oia| er&JI 

4 a . 1 n -vj I 4 < .. .i'i oljUJI 4-XC. JjLi 4 il.i ^ r l3jVl o' ^ 

* 

(3 j ^ ’> j 4j£Jj j^Jlioa _j-£> uj- 1 ^ o 

tUI 3^ ^-4 T~'‘ OljUJI 3' '■■l^ 1 oljli: (JjaLtlj (jyjJl 4 _l! <y«J| i_jjl^tjJl ^ ^ I^-^J 

(2*6) i. t-i i r ! I ^3 4 n aI , ., 1 1 cU,l jLic-J J^ulo j 

4^L>-3JI Jivl J 4 . .. A*! e\J>l 3^ 1 4^3 i c.L<tU 4i>.lj\_l o r . .. ‘C jVl 3^ ^ J ' ^ 

: (Jj-cj til! j (jUa 

P water vapor cUI jlitj + Poxy gen d^a = P atm .ki.MI 


eUl >l'v» — " — LT* 7~ - "^ 3 ^' > l^.t i Iri 



tUI 333 (2 - 6 ) JSLi 






^dJI 


3 . t ~ » LU I t^Lc ,j^3L§ 

l^-i5)U_j 4 j^juu LsJLIc I ^ £-a C, 1 3 ~ i V diljLiJl (jt 4_3 -iLjJI 3 ^ 3 n U 1 / . 

l^jLc £jj— ■ a J^Ll*. {jji 3jlj_d jjj — a JLic dlij >L- " i - d t L L_i l x I 1 (j <>> » j £-d (JcL-i-jj 

' * * jLc 05- ^L -f i 3 " H ‘i-i jl ^ j Lfia- 1 m^Tj Cs^- > '3J ‘gJl 

jLc. (JcLaj 4 j >- i ii 3 m 1 1 (3_J-^ i j jl L->-_a j . d ,^J I ^jLc. ^yA ^jj_d 

4c*-jj jlIc 4j1 Jl 3_3 CjljLc. (J o~<.mi j 1 (J-cLij (_^t . cr ^>- jj Jd qJ I 

jjC, 3jL_i_C 4 .1 j. 3 -w ( Jc. L a_7i J < jy lil 3 \j .i r ! I oljLiJI i^ujLj Jajt 3jl^_>. 

£_d (Vt yjj 1 j ^ 1 1 JtC. ' ,i i J I C yib dU jJ ^ " j, ' Jl.~ a j j ^ *_d 1 >3» « ' 4 i in) dj Lie. Luccd 

(JiJ cA>~ 1 ' jyd <- « 1 l~wj 4^111 

{jjb Jo-tj (J£ jjLa £-* d^-JljjLj-^Jt <JcLij L <i in 9tUt jj-ZcJIj ^ 

* 

dlllaLv^m <3JL* ~ri3_j jLc, £y} jjdtjjj j^KJI jy3 1^-li < « 1 U‘<j 

4«^-jj^ iL» j. i ^-i jJd. (jl ^ lc (_^jJI^ ( 1809 ) 5 .a •>• .ill •>■ Lll l..4.>4^J (_^Lc. 

4 J , ..i (jJaju lj j Lc, ^ I ^vjsc_>- j I jjjo 4 I-ij j c_<-4-uij di I j LiJ I J_se_I] i_r. Lxxja 3j I 

. 4-ic. I 3 jI I djljUJl {yb jlc. JJU«-H 

3ju;L2 

JuJL dlljLiit (j-o 4jjLdlLl j)l (j-a Jjl (181 1) 4ju-u fjS JjjLc.^1 (jLS 

3jLC,LflJI 4>J-*J djLLj-JvJl iyA jL^.d-d JJLC JtajLdJl j ^ j , .. 3 i 3jl^j>JI 4_^jJ 

.iiJL-u_jJ i^L^- u^- 1 ^ j i , 1 3~ 

CiljUU 4_4L*JI 4JjLx1I 

Cjy 4_aLc. 4_^>Lc. (^^ic. SjuiLaj JjLlj L>^- r - 0 Cy* 

4_al_iil 4^>UJI i»Jl4> ^ ^ i ■ ~)j jLiil 4 ,'m « 1 djVjJLl JJLC-j 3jl^_>JI 4_a-jJj ■ , L, » , ^ 1 1 j 
^_ 7 uit 4 jljjS? 1 dil^ a-t. dLI^ (_jil 4jjLc. 4j L>- ^jjb ^xijJl i^h_t3 djljLiiJ 4 _<jL*JI 4JjLttJLLi 

.dlV^JLI .A .AC J i3j!j-aJ( 4a-jJ - , -^i » , '^i 1 1 4^ae_>JI j •• ' 

LaJ- 1 ^ cr^i ^ <1 L ^Llll jl iU 4 jsL»J 1 4_bLLll ^Lm*ul jjSLJLl 

* 

LUj V (jLs JjLi ^Jj 4 ' . ,i jlL , L\ • j>> 11 *_>a L. . ,.C r_ i . , ,,V n \ Vp> 1 1 

4 * 

LHj V (jLfl _jjjLc.^il 3 jlc Lai 4 i .,.<!! K d. 3 1L11 3jl^->JI 4_c»-jJ ^-a 1 1 w L 

* * k ^ 

:<1jJl3cJ (jl jVdb ^jo i— iu uLcJI (_ r i*3 L^jLi ^LaJ^diiLij dl"i/jJLl JJIC £_4 LjjJa 
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■ Lg-u3t^->-j SaUl 


Vt<J- (T) (n) 


.CjVjII j jlc.j 3jlj_>JI 4^-j-J J-L. 

.CjVjJU J_LC.j . t- X cllj-JJ JujC V T 

. A-s ■ . X] I j 3jlj_>JI 4^-jJ Cjj-2i JlLc V II 

: 4_alx. ^1 


3jlj_>JI 4 j»-jJ JLia j>Jj-.i,. Ll a (in-uL) Sj^LUl J-a.-i l" ! 43^1 -jlJI ojLSi (jl 

«>jl* djLlS jlLc._ 5 V I (irJ-aL*JI in-i 4j3iL«J1 .oLIiLj i a g i l t_ylc. L-iVjll jj^-j 

: 4j 3>L»J1 jjli) 4 j i^Lj^JI ^ j, IL 4JjLlL1 

PV = nRT 

4_JjL*_11j jLLII ojULi ^ (.j. -i.x Lull CjjIj 4JjL*JLI < _ ;r i (Ji-jG <!a^L*JI _5 

. LnJ I jLiJI (jj-iLa jl (^lill jLiJl) (jjljlii! SJjLlLI PV = nRT 

i»Li>1j->- ij jj L§j LjljUtJ I jLH!) I 
* 

i _ T 3 SjLsJJ t _ ? _il • tLiJ' I jLAj 4j jz (jjl ^Jt mi il j jLLII LLiL_u Li_u U£ 

j>jla-*JI ^jja 4-i..a.£ jLI^jVI 4 jl a C Ja_>}Lj tjl *^Li ^C-J^ ijLSLa (J^ 

il JL3 jj.Ln.ll Cjljjj-a- o' (J-^ I Lglrejljj 43 jjL 11 (- 0 l~i <i i La jLcj_i-ii^ 4_)3jX. 

jjSLi (JjljLiJl (jjs <Lc.ja.ita jl JL^-j JlILs tdij (^yjl 4j3l_il>i!?ljj L$l£ 4j3jjJI J^Li. 

* * t , 

jLLII j L il il 4_c.j_io< i_xxxiLljj L^j j2i£l Ljj cJ-^' j^jJl 1 ) < jLiJI jLLVij 

* 

OJ-iLs jjfc I Jutj (_9jj_laJl (_>xaAj Cj->o ^yjjj-^Jl 4jjjJ Ly jt I jO_j>JI £^a l _i , >!\ c. 

: (^3^1 ^JSLiJL t _ i - ^ - ) 4 jl^> Li^J I 4jjLjxaj (1829 4_Lw<^ jLiii^U 
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m 2 _ R t 


m. 


I consant _ ^ 
m 


M r 2 

U g i ljji m 2 j nij t (2) jLiilj (1) j ULTa l L*-a> R 2 j Rj ol Lx. 

: o^d jLc.j tin -fc x^jVl jli: 4JL>- ^Ic 4LLjjj>JI 
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* 

. 4 rt . jxL> J I CjljLiM i^a Ij Lilli I (_|^l OjSlj 4 1 j ajJ I (JliljLiJI i)l 4_uji>.j 



(jiiui 

Brownian motion jjjt j-i as 

** * * 

(jJui jLJj (_£jJI oljUJI jy5 I Jl>4 _3 1^ (j 1-1 A j)! 

L;r ilj 1827 4-u -u ^^3 1 Q a uiZ& * (^1 4 I ■ aj 4_£j_a=-J 3 Lq_jj-U 4-2_j^_*_ll 3 ^>_£>\_LiJI 

* 

Cy*J jLc fjr ^> _jl JSL- lx? wr. Ijltw 4 5 jAJ d)l 4 ^ la ~ i a ja£~ 4^-jjJLo <£Jj» 

4^ 1 < u a 3jLj*_u^ (jL>0 (^y 3 [<v.j..i n> '-— » <iJ^-fLy3 j_i ‘'Jjij UjLh 1 4 Jol>. jl_a (j£.a.l I 

* 

GJ ^-3t-3j 4JiJ_j 4jL£La . 1 ~ 4i i a (j_j£j ^ ^-i-i->^-->J I (jl lLi 3». jL-i-3 3j_>-l j 4 p ~>- ( _ ;r a e^_iA> 4 _ilf 

* 

i \j .1 ~i m<a 4 j_^S (jA 4 - SjL-il (^j-Ioju CjL&L>vjV 1 ^-_>-4 ->- ( _ y 3 jt j * ' ■ -1 » 

t 

Gil 4lu LU 1 *- 4 1 1 ^3 > 'i la ' 4 /■ t‘-i“. ', 1 1 j^lc. 4Jj£J_>. o_>L£ LaK I j j 1 1 /-> jU.1 j}JL*J1 

•^iSl jIjJj |jJL*Jt (jLs JjLJI 3jl ^ j>- pLLtjl -i ir. 

Kinetic Theory aj^iji 

(jl >— i *? ' j)j SL . J I aJUv (j_jSlj 3 jL 1I (jj 1 0j£jSi jjjlj-j a_^_>- (jl 

CjLlj^-Sej ^-lLs_i-aj Ajl (jjJLc SjLscXi-oJI (jli-J ^_i i li •>■ t j I ^-aTu-u Li li-l SjjUI oLL>>- 

j g in i (jH^l A j a ** Jl 3 jLU CjLljj-^- 4-£J_>. S.xl 3j_iHiLi_4 j— i-C 3j_3_u^j <Ll£ (jjl-3 tlj-^JI 

f * 

a£j->JI 4-<vjIj 4- 3 j q j jj A (j j)Ci~i CjljLiJI j)i Lj_J^ Ju,j Ij^J 1 ‘ t ' 

jjj : (jLtla^JLsI L^flj 3 jLa 1I U ‘tl . o'jjt <i£j — %JlII A_ljj-->JI AjjJiuj 

.3jl^j->- aSj_s«JI 4Jl^J A->- j~ ij A^^tiLa (j_j£i 5jLU Cjljj j->- 

(j_j£Li A jU.1 j^jLi^sJI (j 3a » .) j- j ' ■■ 3~ t L>- jjA-i JUG AjjJiu A_iL^ 4 _lS^^kJ1 Aj^ Lx * ?l j 

* 

j>5>l a! 1 (j-AJ 4 _j^ 3 (j£. 4 i ,i 1 1 1 oLuat^-l^Vt (j ^ j-i (jl ( ...<.>■ .2a 1 1 1 _i 3 <1 jj 4-lH Ijl4 

JlSj Lg I (^yjJl 4-ll^l-JLl ^ijAU (_$l 3jl J->- (j A^ (_p3ljJla1 (J^ A. .m. 1-T> (j-4 Jl^Q]l 

: j t « 1 1 A_oVl < “it i •'~'j ‘i it (JioLjjsj 

( < 

(Ja-£j La LJLc.j I j ' (j-Ci Ijo- 3.ift . ~ a ^ 1 A_*JLj diUbj-:*. ^jA djljLiJI (jySjj — 1 

. 1 <1(3 IJJ l^jjt LyJJ A^J-OJ Cjt2jj_>JI (_J 4J 3 >J I J<V^-3>J| 

3 i /%*'.» a j-lc. tliLljjj-JI fjui (j_j£ij (jJLill jLiJt UjtjjyjiJl jru i >jLs»j |^_5-S V —2 

* — 

. LK >i^VI (jyic. 


3~ , ,. ^ 0j^c£ljmA 4_ul 4-juj-lm ( _ y ^ jLiJt CjlSjj-^. (jjjSj — 3 

V l^jLuaj (^ AjI ‘ jJI tlc._jjl (jljjL3- £AJ L ^iia-fc Ai 

(j-u 4 _-SLLjJI (Jl ri.llt (j>s fijijJl ( JT 1 a. A-_i_SJ-^>Ji A_jLLaJI ^^3 jl-l 3 A u-l-aj 

. A-a jLufClll 
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« l .L^jV 3 .>o j t L^JlSLlL 5 jU.I . 

£j-Likj <Lilj_>JLl dlLL)-^^ dJj— 3t-li jLLlI oLljj— >- {y\ S-d^ o -r- A ^ -4 

. 3 n 1~ '■*■ a 4_1 Sj4V dltisLLj L^J li I JL^J j 4 a Lj,>- A 

* * 

£_o LlJjJa Ll^uLu i 1 . ..Li~ I tliljJ^>Jl (JSJ 4 _j£j_>JI iSUcJt (Ji-L « -d jji j- ii -j-J Ijufc 

. 4-alLaJU 3jl^j>JI 4^>-j_) 

4 jIjoJI 4_IL>J| 

diLj-ij^s. (jl ^ 1 U> ‘ 1 1 jiju u> j oYi diljLiJI jjlia 4-3 -)L-uJI ub 1 3 mil LiLu US' 

^ 1 Lw i 1 i J^ioJu L^jLi i 4 i l.i, .r» } I 4-!L>JI Lai i^ljUll m-J 4ni < t~ . ~ i J 3_L_uLo j_jC. jLDI 

^9^3 ^l^-.i aj * I L> ' H lUs 'O-UjJLa Ljiu.% 4 jlml I SjLfl ^yJi dilj jJl c * - .!.!. > • 

.4 |L^,H dJL>J) 

jljJU L)L^ (9> n-JI jj-3 SjLj JjL-jiJj JJL-uJti { _ r lli CliljLiJI !j£. 4.ilm ] 1 .5I3J.I <— allitjj 
/ * 

I_J- 1 -lS j-J-aju Vj 4jji ( J_LOJJ (_£jJI <.LcjJ| j-j-Uj V ^jj-0-4 CajL l^i 4 1 1 1 nJ I 

jl daJL-iall 4J3U9 j-lc. ^djUU j_a SjjLSJLL 4-iluaJl l jJ iJeiUbJlj Sjlj^>4l diLvj-> 

dlljjJI J/ui i__Jj_EJ! i_jjljeLjl jjd j^jlj IjL&J SjI^jkJI 4_>-j-> 1 1 C. ~0y j I S 4 ^VjJLi JJLcjJI 

(jyLc. Ja^L>vj oj j i S ^UL-Lj ^ 3-5 tjJLla jjl 4_sl Lsj <joSL>J.I (_^sjJI cdi cj Lj i j >J I j 

. 3;mS 4_>- j Jl_) t 41 1 Id~it \ (3 I^J->.] I^ya CjLjj^aSU'i/l 

fcs L ~~l i » 4 1 1 iii 1 1 jljil p h t a y ~i" - > loin . J. J .'^1 1 ^ , If. 1 ^ i f jj o i CjIjL*-11 u j 

* * 

. 1 j_>- 1 .-t j .i L> J-4LL) 1 jj I *-Lj-=ej 

C ^ -I- J — 4 „i . _ i_ » ,.l I 3 j 1 oi l 3j j 0 4 4_jjLj 4. j-.i-u.vi4i ^1 K i~i 1 dll j dilj^li 4— j-LuaJI jljJll (jj 

. 4j>»j VI L 7 _o-c-u 3 443ii.i,i.o ^■j-la-i-.jj djljjJLJI JLL>o 

.(X. - Rsy diffraction) 4_ * ii ^1 ' ~ ■ ■ ■! » 4 .L^.il < . • £^3 q >j 

. 4_UJ L ■■ -w 1 1 SJ . j V 1 1 -A j. 1 c. j 

Space Lattice 2uSLxuljl CjLcij^J) 

(^jJl ^ j j o - J 1 (jd 3jLi c. 3-4 j Space Lattice 4 jS 1 c4l d»l_c.l3-3Jl_i 4 .1.^. n j ■ ^ ~~ 
u jj l ^>1 In ijl (2 - 7) JSLilJI iSj^JjJI ( ^ y 3 i _ 1 1 L j ^dlj diljjJI 1 — i-Ljj-j v 3 imj 

3 3 J « I . -1 1 1 1 1 1 ^ 3 -J l_3 dilj^j ^ I JLr>» 1 j_? 3 _o (JLoj 4-« 3j ( J£’ (j I ix> i^i 3 J J3_uaJ I JLjj^fSU 

. 4-dLiJI 33 K JI CjL^j I JIoj 3 j j 1 ‘n 11 (. 1 J3 ,i 11 1 1 ^3 1 H3 4_c*.3JH 1 ''j 1 ^ ^ 1" diL 3 J I jj# ( j J ! i 0 j 
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i j li ; 3 I SJ tint t . — j • * i ( 2 - 7 ) j ^ i* 

4j I 3 < 1 1 jj^£L> <ji LOj . i li JtsLilJL) j ' i(J).i3JLll i «,lLi I (jl 
(y^£.\j—Li (JiLo-J (jl (j £ .. 4 j ^aJ l JLjjj 1 £ (jt_3 l? ' j> 4 ' ' '' u.’_? 4-1M ,"J 1 (_yj5 

. j^KJI lIiLj^jI £_sl^a I ujLjjjl (J!Lcj Li-i> jLi. I (j* « t-»l 3~ a (jl_jS 2 _ii; 

(Solid - Slate Defects) iu-L.oji 4 iL>ai ^ jjl>ji 

jJi>J 1 I JL2> ^_ya 5 t\ Q a JJ I t-il LtAj 4_i..U^l I J I j) <t 11 <J ^L i ilJ 1 I ^£, (Jli- <1 j Jl^fcJ JL3 

JtsLjj (j^> « j ij^-3 Lajic (Lattice Vaccancies) 4 _^ ,i.jJ 1 oLilj_i!Li LsIjlsJ 
(Lattice Inter- i iiJ 1 J.l.~r. 1 1 U l—at . 4 J 0 .« ^>_j_r. <~> 1 1 

dJLaL£ J-lC- ‘— j ' J J L-ll ^ la « ^ (j| . 4-iSLulJI dalij (j^_) jJal diljjJI Jiciu LojlLc. g^Luj stitial) 

• . ' I ~ l iJL- cjd^- 4- j - J » 4 ^-j- 5 cJl 

4 «_i 1 t-> I j >U>. edtxA (jl_3 fc L-Jl jya ^jUJI JiiJI i^LLoVLjJ 

I jjk- j^jju ^jjLJI tfJUJL JUi (jjSLl tfJUS (Jlosj L 1 1 t_xjl^*id! a...ij. 1 11 

4 -C, j-4-J3i_a L&3 SjbJi_>. jl^wa ^LjjV jl^II (J-j-jo JLi-jj (^_3 ^iSLr»J I (jtj t jljil 

1 \3 1 1 1 3^Lo (Jj — ua^j 4 j..1j 1— 3 .iljlj— i LiUli ^yic. 4_li<_aS , l (j^j >4 1 1 j-i nil 

1 ... 11*01 jbj^K 5 ^Lo (j^a 0.01 (j^a (JSl 4 ^LuoI w ' if 5^4 1000 

4 £J-j^j ^.«4-4 ^iJ 4jJH5l (j^a d)ij JL» Lg-ijLLaj ^^jjLa^^dl SjLa ^-^Lj (j ^ 4 J 

.(^jjIj^SL!) (Jjju3j)jJl 3jLD j /'-i 1 1 cjLjj_^j£JVI 

1 (jj-jLLa (jl LiUij (Semi conductors) jLa_j,l ^- 4-^3 ^l^il 4 ju> 

. < - 1 1 j 1 A 1 1 d-4-u^ljua (jt-Aj SjI^kJI 4^-jJ 3^Lj_i J 1 Jj3_a 4ixl^ 
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sail) ^ ^___ __ — — — — ^ 

(Stiochiom- 5 j , , ,,; J| oL_«SL!) yc. i_al 4 -iL^JI 4-!L>Jl ^ys Jii. jj-jj La^ 

Tj 0 R , C u dUj ^ 4Jla‘V! ysj (Non Stiochiometry) jl etry) 

*JLLa 4_>_jl _ mj^UI jl ^11 ojui u ■'i 4 (1.18 - 0.85 tjyj X £j\j-Iu ( ‘•m -> -) | 87 S, M n 0] 95 

- j i ' '• » U JLv^/ (jLua^j _jl Sjljy LgJl t i~ij (^)SLcj oLcJyi 4-aLc. ^j y - rn 

SuluaJ 1 aty I f iyl 

* 

d ■ ,~,ll JaLiUl jJJuIij CjljLy^JI Ljyic. 1 jLa Jl c j I 4 jljjI 4 - 1 1 1 n 1 1 jljJLI ^m.-i i 

i ^yi> 

: lyual j_>-j d J .^>'1 jljJLI ^Jy I (2 - 1 ) Jj-ljJI yujj • J . d ■ ^/sl ■ ,,"j 4 4ya->]j 4 4yyw 


2 _i!i yii 


4_J Ll^> jl <A> ^A 





1 ) j 4 I »-Lj l lj > IV j 


_ 4 Ji cJj^y 
iyyji jjiyi 


- d A I". n Cj U-Tt-JJ 1 ^ru 4ylSL! V 1 t iM -»•“ \\ J.-k_i IjjJ I —. « l-> Ti 1 1 ^iLu I»,j J_U * jZ \ 3 ajLll >o .^11 

, djii -wj ^ , 1 ■ ^ 1 1 , L j ■__!-» u »_4 ■ .. 1 a**, a d ■ 1 i_^%1 1 


j-AL- .ixijyj jl^ nu l CjIjkj, J hlilj - dA^i ^ , 4_y_«l3 jl ^ .^-n l <_«Lc L^J 1 1 -L~V <.^_T. U i j^AJ 

. (Lijl^-i^jl .1 if fA L) 1 (j ’ ^ ' J ) . Oj-i Ut^Tc A f. L> ^ U d \ .ss^ a J if ■ d t 1 a 


(f l*Li j I ^-L°) NflCl ( . 1 ,-j.UJ I j H 7 O a I -»-M jl_*_L>J I ^ Co 7 ' 

.(s±LU CaCo2 .(j^JI) 12 { H 2 2 °22 


il^ls 


l_jjL>u 4_4_>-^uj oLjjdt 
. U jys: 1 ] lj a >-w 

4^ i dalj ji^ "X ill otjj 

4 ^ ,Vi 4 *.^L^ 

LjJ 1 1 j_>. 

, d l J y\j d dll 1 f. 

Fe, Na, Hg, Cu 

WC (^Ul) C Sic 

y J- • ' "‘13 •J' •■■ «"■» 



l^i l 4 _jj L^_ 4_ >SL! I Cj 1 wi> 1 

d jLL ^ l ^JyiUI ■ d I 

, L<j -|J^ > t «_J3 d^ • 4 1 ^ 4_i_L^cJ 1 





iULuJIiJUJI 


J Lu^J Cj J 1 J £> JU JluIoJ 1 ^ SI 1 1 i%. 4jj LiJ I 4J UJ I (JAJ 1 / 1» J 4lj l <y < 1 1 4 J L_>J I ^UIJ 

.oLujjJI j I CjljjJJ . jLJ. Li till C-jyjJlII Cjli 4-i 1 1^1 II .}(jJU 
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JjUoJI 


(j-3 j - l - & ^-Ju Jlijlit-J ^ J .t-i i.i aU 4jjLf} j_j_c. L^jl (Jjl j-cuJI Cil j_ca jVj^o j 




j^jjl cL^/l ^ y jl iJSLlL (jx. ^.l3i Ijl « i i ^ aj_-»- -»- (jji-c. . Ld !_->»- j (jl La 5 

1 g m^i 4^-I aL ILI < S^ilj l g'^ii (j-a d_jj I 5" a J5l^uJl CjLjjj->- (jV alLJjj 

- 2 ij , ,, ^_4--5tTu l^jli dPU 

JjI^u J l j. . t. ^! i i~L 4_u5 £_lo^ 3 (jyjJl «lj^/l JSLi j_i-L3 LLij la *-- 0 JSLl L^J 
JjJL>- 4jIajJI cUI ^-jljvJI (j^a d j-Lg 4_3 LloI jJj-B ci. L- a) ' ^JLu I a _i ^ 

CiljUJI lJr ‘i Lai >( _pl^_(jJI d_Lflj jJ^LL (j^JJI j-.-.'.m (jSU j i j— l-->J1 4_iL^c_cu_j cLU tjy 4^r. ,iol i 
(j^a 1 j a. i jLkJI CjLu^_>J 4_c£j_>JI «d-5lDI (jl '-PJi j '~ J< ^ ' LiiJj (j-a £^-cu 1 jl <L~ (j^S-J_9 

3 1 j ii djL^L-J. *»■ " " ^ (Jjl^—cuJl i— '' Lj j ■.‘v ■ i ^_lo _a— a (j*a 4_S^_ >»]1 

^jJI cLVI ^ 4_£jv- (j-a J 3 " m JjLcJI dilJuj-a- (j-a Jfi (j|j . L^-ajLuaj 

j-lxu diljLiJl • L^Jl-Sjjl cLul djLat, l L j ^<V 1 (j^jjL j^bu (jl ■!-*-> J 

* * 

dl)jj £jUi (JLsc-o Cy 3 L_jSLa LcuLul jLiJl 03 ^ 1 . *.* 1 "J >-PJj j>-a JL3jj5M <ya cjlJijj_?Jl 

oLljj_>. jj^a J^s-ljJI jLiJl CjL1j^_s- ~ a I .lie ^JIL) La^a J_j_1oI jl ■ n 11 L>1-^ 

. 4 ->. yJ i 1 1 i^a JjI^I oljLLJl 

4JL£ jJSLli (^yic. I 2. n (jrl!! l2jL 1/>_3. Lru < »Ia L^c_HJ 1 1 ^ 3 -^ Cy* 

Cjlj CjLuJ^j>JIj j^yic. 4 _JjLSJ1 L^J CjLu^_>J 1 (jl Cj_iViII (j^a-S j-^a 3j_aJL»_a 

dJL^«Jl )^1\ »^jU~ . ,,~ l_j jL^cJlIt \£3$ (jyic. t _ 1 LL-cU .i^" ( _ T jJI d_JL*J! d_aLLaJl 

. djjLiJI 

J_J Lcd'j djgiH CjLj_> J ill 

# * * 

(a-^“L oyC.jl> jTt ^ ! j] (J/ujLo l ya 1..I iL^ILo LLjJJe_a (Jj < L 3 > (JjLcuJI (j jS_j ^ JLB 
* c 

(jij .Solvent iLablj J3L^ jjs.j (j^Ul (jl j^ic- jiLcual jlJsj .Solution 

> t < t < c 

(l iLlo jl jbjl — cu jl IjLL ijj^-j -i-^ * iljJUj .Solute t—jLiil _j_& (JSVI ^cjL^SLII jij (j^SLU 

CjL^j^M (jyladLj jl 4diL^j| (J jjt-'u V d_Lj^_>- jl 4jjLILa 3jLa (jj^-J i_JLuail (_jl Litj 

* 

.(JJLkJLI (j^a 4 3l~lc-a cilLl^S ljc>- J (J's <~ij 

. Jj}1 •** U (jj^LU (jSj ^aJ jJ (_ T ^>- 1 3 *JU3 t r^!' Jua 3jLa t ai ^>33 

j\ %70 4.‘.1j ~nj j'CJ I (_j^uaL>- (jjS ^JLuoVl {j\£> j-I ■>• < 3 i.o^J I ljL4> 1 3 3j V cUl_3 

-J*' 
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»1 j-uatjj-j iL^USLiln 3 jUI — _^__ 

Ui£ . Lj i ».u <LJLc. «_jI jdl 3 . . ..'i c^jL£ tj] Concentrated j-SJ-oa 4 jL> Jjl>4l t-aoojjj 

(j-ujJu L£ I jl (jSLJj . La i « n ~i 4,.<,i-i .i ~r ( a I_j| jJU d a I ■■'> OjLS I jl Dilute ui.i Ta-d 4 jLj 

* 

. La d_3jj_La-i I J JL^_) jj I u gjjj-iJzd 1 L-<^a . I j t N J jl>4 I 

; L^JLa j£> jj J jlre-s-U ^.afLil 4 jxjaajJ Jjj-Liil ^joa JJLC. diLuij 

(^ 10 :) 4_iljdl d-LS - 


100 X 


= (%) dojill 


-1 


((^) ddST 

JjJL>dt cjLj^SLa (joa L)^-* *^->*^ 3 -^ jjlc. 4 ouj 4 _i juuaij »Mole Fraction ,jJji.1 j o oSLll —2 

44-J iljJJj i— o.'lll 1 1 . In .a a ^VtJ^Sw-a (jriCi i_5j-ILre-J JjJLdtl (jt-S IjUi . di*^ j -d- U ( _ :7 iSJl JJUt-ll 

(I) ^1 joJJ 42 Ls 

— = J 

«, ) + t Cj*^^q 

. J^LxJLI e_il jJLl J JLC iMolUFlty -3 

=fe)Ma i> v 3 ii 


,JjL>J.I 

jjJU jjoi j»l^-c. jJLSi t _ T a L_iljJ,l Ci'iljaa jjlc ^Molality djJ^jJU —4 

< jl jJLI dj*j jos JJLC 


(jtaJliiJ (_lJ j-tl 4_LfT 


= (m) 4_JV jJLl 


< 3-0 (jJa <—>1411 d>LlaL£La aj_c. lyj j_< . ^ iij j < Normality (doji j« 1 1 ji) idu^LioS?! —5 

£dj->l <y9 CjLj-cSJI CjLiLo.ij.. ? e-l 4_ioaL>- j_JijJtJI ^yc. j_i.i * “It t _ r b d li jj. Li 1 1 ajuij .(JjLKlI 
jl i Ju£,lj_dJlj ( _ja3LoaJ>- V I Lr'- 1 (Jdtjt-o.il da^Lc-Loa (JiLa 4— ul i n.i'Cil . -<\l e - 1 .^“11 £j_a 4_ooLi- 

. 1 ao.. t _i SjUaJJ (Equivalent t^yslfHI ji^ L^LJL t LijjJLa . JljorwVlj > • 1 ~ it djyL£.Li 3 

L)Jj-il dUj (J3^ JdL»Jijl dJ^Lc-Lij (_ r *La - 4 La dayitJu (_$jJI (Jdi l .i ~. 1 1 ^jj ^JLc. 

* 

, U »i Lli I da^Lx-Laj . Clitjjjjj-Jl (joa 'iljoa (J j-aoj jl djLjjjjjoJI (jo» Jj-dJ ^jJI 

* 

- diLjj '^i ^l jj-d ^joa (iwoouj^J jlj ijtii iyjJl 4 -iiJj c^atSLH j jf\ i Jlyo^.'^lj 

3jII,I tLiVyrdj 

Coj^j (J^l L q ioj 4_JLuaJI 3JL>Jl < _ ;r S 4ojj_<a diLaj ■ n -y 1 1 (j jSj (j-iL..J1 ijr h Lj-^j La^ 

4 -Ib*JI dilj j j.a JUu ilLIjJ i( ijjjJjJI 4 _ajJlC. jjjiLa 4 jjLiJI 2 JUJI Lai . d Li t i ,.l l 4 JL>J| 
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l $ Cj^L>JI (Ji La_j J_al [V l! i l ^ <r. j ^ . ~ 1 1 j ^jLi jjJL£ 

f 

. 4iiLLlJlj SjI^jJI CjL»-jJ j -t. iT J 4-u_g.'JLj (jJa-t-LJ 


^-uLjj 4aLLJl CjI^-Ju u-*-u^j (_^3 tiiJtjJ I^jjl ( _ 7 .4..<.uj La ^Lj Li.A j 

* 

• L^JLa La^o (-j^- 3jlj_>JI 



i (2 - 8 ) jsljji 


IjUs ,4JUJI djI^-oJu C_.<-~>.1.1^1~) LjjJI 3jtj_>JI l1)1_>-jJ JLLc. j ~± « - ~ i 1 1 (2 - 8) (JSLlJi 
3 jIj_j>JI jl.S^3 L_a JlI^. a J_n tt~> 3jlj_>JI Cj 3jIj_>J| 4^>-j.S {j-C- Ljlju 

(Lattice point) 4 j*v ± /all 4ia2j l_ 3_L>J| ^jj j»LaVl < .. >. ^ k_j j_>juj 

oj^LJl La . j-& I t ijjjLl!l poAj 5jlj_>JI aijjljjl Lal£j i 45 ^_>JI ^ . i >, j j a 

* C. * 

4 £j~>JI 3jLj ^jt-Li 4al 4«-~>U 3 jI^j>JI ^jl (.tiniin.'v. 4 -L->j 4 n i Ljjj^j (JJjl LtJjjj u n ) 

4aLLJl ( j^LJva.i> j-» 3 SjljoJI 4^>-jj ^ji Luj ■ cjl a j < u_~c.U (4 j£_^_>J 1 ^aLLJI) 

Ijufc j n " I njj |Cj Cj {_yi (1) *^_>Jl (J_jL (Jji £- Sjij-^Jl CjL>.jJ ^L-iijjI tliJjJ 

*(o°) I 4. L .T) JLlC, .Sjlll jLgj-ajj 4jwjJ fjyly- ^LijjVI 

t ft 

S^aJI i dl « « t — 1 1 j_yic. J aO dal <>i 43 3 jlj— >. jjjl jjl i^jsx . J IjLa. L^a ‘"'l ^ ■ ■ ■ ■ (j_jSL 

£ys (2) (jA^- 4_al 4«'->I.I 3jl^j>JI (j[^ 4 jlr. <.LLij SjjUlil lIjI a j i n ^»ll 4iajl^JI 

4_LaLSJI d_aLkJt 3jLjj l j ‘ < l j 4 i_£j_j>JI 4_3LLaJI ^ J _>— a (j_a Jyj3 V 7 CI 1 jd) 


(Jj l 1 < 41 *>» 1 1 


Oj ~. aII <1 'M *y~11 jLala (Jjr lL jl_>jj ( 4 1-4 4,1.) 4 _LoKJI 4 a ll-il l 

£y> . 4jLiLi 3jll( 3 jI_^j>» 4->.j 4 ^ 3 .' IjLgJj 4_alLJt Jjjua ( _ ;r a j . 11 i 3 iiJutj 

t 

jjlj 4 -Li L J l 3_lLtl 4_yiS aLjJj La-Lj LajscjjJu J-33 d_AxoJl SjlII 4 - i a < ^ jjl jCj 

(i—xLuaj jJjLu t J < LL (jLc. 3jLll l^J JU>.jj (_j3JI 3jl^_>Jl 4_>.jJj) . Jjjj 4_LU.aJI 3 jUI 4.j . a ‘C 
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1 1 $ iL^jV 5 jUI 


3jI^_j>JI 4^-jj j .3 jUI t.illi.3 (Melting Point) jL^ -u^ VI 


. AijLu LjJ] SjLLl -V 

3j_^vVtj 4_ujjJiSLl'^l 3j..j.>>^fl l^Lo 3jLU jl^ ..Ail <j^Lu3J 3J_$^.I 3_lc. ^ J.rr" . uj j 

. 4 l~w i n .11 

»4jj^JljJ 1 4_u_JI £_oq_>- 4_i_£)L? 4_bl .41 II 3jl^>Jl 4 _. a£ OS^- 1 (*■'— - 1 ) • JysJJI OoC 

*3^ Ur 1 ! 2*— 1 t>° (3) cr^j 

->J 4u_£J_>J I dJlLiaJI JjUuo SjLij (jlc. 4_al ,.2all 3jljU>JI iJ.0-.JU (3) : 4 .1 It U I 


i— Jl_ o- 


4_>-jJ . (j L l , IJ I d>.J-2 j^J] ^J j) U r L - * ~ ^-o2L-uJJ Sjlj— >JI 4u>-jJ oiLfjjj IjJjLjjJI 

•(0:uW 1U‘ 

^yi LsjjLrt-l Lt SjJvljJI 4 -jjJ_>JI i 1 .1 >■ {jr lc. ■ . 1 »~. H 4 <4 1>I 1 1 Sjtj_>Jt |»jLre2Lt4i3 

.JjLJI 

) (^1 ujJuxu ^ ujLo. . . i. ~r 1 1 4_LolSJl d at L-> tl 4 c^_>Jl In ^yic.j 

. 4_iSj_>J ! 1 j~ a Us J Jjuj 

4 

uJ! (JS jjl -A*-t I J_j_3-lj . jLJ ^Jl JjLaJt Jj-Jt-jj 4CJ ^Jj 30 JyajJl 

4 _>.jj jtjjj oiJjuj cjI o j . 4 . “x- 1 ) 4 _j_£J_>JI dJaLLaJI 3 jLj (_j-Lc. dJal . 2 -iU 3 ^lj_>JI J-o-ju jLJ 

. ( 1 -7) (J^ i“i ! I (j-o (5) 1 L*i£ 3 j !j->J 1 

l~ tt 

. d^aJaULa ‘Lz.j.lmJ SjLlI 3 jl^_>JI « . .."<" la iV i~ 



dJL>- 3jl j- >Jl (Ji-oj i lij r> ~ ijLL (JSLJi (_yic- 4 jI JljlII d 1 3111 3-iUI 2JL^. 

.(2-9) L^^JJI 
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si* 1 1 1 


1 jus (j^) ( I ) 4a_>JI (Jj ^ 5 5jl^->JI <».j j i ~ . . >> A ^ il jLiJI 1 s , K a 

jl—i-II dl a j i u ~> J 4 j . 5 >^_>J I ^JaLLaJi J J_*_d (JJij (jt L-i-=t-i ( I ) .la.>J I jl_v.Ti..dl ^ '■* a 3 J I 

(jl (jr^l U L l^i l L i 1 1 ljuft j.dlue j i^UJI d a i li 1 1 jj \ i ,-i .r i ^j£, ^ I -'•*" ' 1 ' 

* 

-SjuLuJl 1 _ r A X-i.i-.ru <_ijLaejJI (^3^ (jl duJtJ Ijd- d’ijl-s ) dL a ..,,-> ■ !l x , . ^.~ 

fi 

dl a \ 1 11 ~> J 1 4Jl_uVI 4 _Jla£. (j^SLj ^UajuVLi dLa j.<.a.>vll Ijlu jd jLlc .3 

^Jj 4 -Lil 1 ni l 4JUJI ^ya ^1 3 . > ~i ]1 4 _l 1 aj 2 . (jl Ld-13) . <1jLuJI 4-3L>Jl <jjlijl 4_)L>Jl 

jj-s di L a • ■ _< ■* jLijoJ ^ a i.h ~i 1 4 1 ,.<LlJH 4_ala_*JI (jl_i5 III! .("Latis jjyJJ x . i 4jjLiJl 

43LLaJI 1 1 l_L* 3 . 4_isLLaJL! j^_>vj 4 -ila.. C. ■ nil SJLl*JI <jjl_iJt ^JLlhJI 

3I3 a 1 1 uLj . j* Ur> 1 II (j_a Sjl^Jl (jd [_jIa3JLj 5 3 I3. :w j^La-ju 1 n 1 ~. c v~ 1 1 . 1 ie <_LaL 5 JI 

LiUjJ 4 _^_ujj . dl a j i.h -»J I J-53 V ijLUj^j -ui V n V iJLuiVI 4-iLa-e 

ldlfi (J £ 4_l£ 3 -^> 4 l d_aLLJl JjL_»_d (jl LaS d_ >.jJ ^j-u-oj Jud JuLiuJij jLiJI 

* 

. (<_ .i_i i < \~i!l 3 I ilLui'^l 4-^.jj^ |Cj jlLc. <1>Ij ^ ^ ."3 L 3 I . ,.~ ^ (j\HJL>Jl 

4_».ljJ >-. . 1 1 3 i 4jul inll 4Jl_>Jl J3-5eJ133 jLiJI iJliLljj_i. t t -yJLi jCj (j-4 
4-j i la 1 1 (Jj— t-d Jb LJS 3 t dll g j 1 .j xj I 4^j—>. c 1 r .n_i j ^Jl ^ I la > J I d 4 ~4 1 1". 1 1 jwd j l I 4 j g ^ 
.(2) da_>JI ,J3l3 (jr^“ 3-^ di-iJadae-il 1 


Ld.1^ 4 _sUoJI J J,_«..d (JZij djl— d..i....j. l d.>Jl tLLa_il ^lIi (j^a 

■ 4 _:li^~ill 3 JL>JI J3JS-JL1 (J-iLi-aS I Ijlu : ->dj . Li^i 4 u»jj . ~ , . '-. a x 1 1 

(j r « d JiLdJLd ^i3>u ^3 . ~'l ^ < ... •>■ ll . ■ 33 id 1 J I d j I ^ ~ ljJL>u 4l2j — ^dl (j^a 

4 .1 ix>ll 4 Jl_>. 4 IM ... II 3 JL>JI (j-a (J3 t- "ill -A_i c. ^ jm . 1 , 3 1 ) d Ldu_ui_>J I lj_u l n ^ 

t 

J 3 ixU l 4_a-jJ JlLc. 3 J 3 1 " 1 1 d 1 1 a c. li.15 ^ ' ... x 1 1 4 _i£j_>J \ i^LLaJt (JjULd (j 3 lJ 3 

4 JL>JI j^ja 4_iic. La-d 3^1 S^Jue-a 4 -xLuaJl <Jl_>Jt d La-u-uu>J I ( 33^0 (T\) ) 

-1 (jjj (JjLuJI Ladle (_£l ^d -^d j-a atHj Lu 5313^^! 4 ^-j^ ^ n <AjLuJI 

33 1 j-lxJ 1 4JW3J (j-a -j >>3 x~ 3jl3_^JU (jLa dl a _ i 1 »i ~> J I a ~3 3 3 1 , " LaJLLc.3 

.( 3 ) J3J0 ^ (1 - 8) JSdJt 


ojI^ukJI ljI < 1 •>■ 1 4 jwC dale dl li >»^La 
.t-. 1 . >1 U ' 03I3UXJI (j-ucu-1 (3*l?Laja Aj j 1 1 ^ i t i a — 1 
4 _>- 3 «j (ju-oi .(iJLu^l 4 _>- 3 j) (JjL uj (^j JjLiJ I LibJLle J3 _scl1j 33 13 — 1 i ^3-> “2 

. ((jl 4 _>- 3 .j) jle. (^Jl (JjLuJI LaJ-IjI JjLtd 031 3_>Jl 
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i 1 jj-j SjUI 


^yjJI 3jlj^>Jl 4-^-j_i 4>.jj) L_JLua JjLJI LijJx. (jr^^ ^jl^-»Jl 3 

.((jLj jjl 4jVJ.l) (JjL-o L_J-l^sJl La«ilc. 

.(2 - 9 j 2 - 8 ) .^.' l jl^c. ^le. LoIaj j . .. <^.cj-o.l! oLy^- 4 ^ k « a —4 

3jU1 

^ ' ■■ 33 j ."-» » ' l y£. I j ■ '-» « i jlj_U j j j<ii lJ7 i c - J-jC. L,«. a~i (jjjJI 4_aL«JI L$j .. V nj j 

l _)iLa 3jUI 4 _i (^4*“ - > «" * 3 (_y3-JI <_)^3lj->JI (jr&J i4_ui£jl 

j-J&J - J t _ y ig. ^ 3jUI 4 j^£ V 4JLAj i 4J 3SJ I 

. Lij-tC. j ialiSJIj i(jl jl « II 4 js.jJj .jl^ajVI 4 ^s.j_5j jSjI^jxJI 4j»-j.} (Jj>a >4 U 4_tuaL>Jl 

^sl^JsJLa 4-uLi^-i.lH |_j^d I j 4^1^21 (Jj-a 3jL«i! <_lJLl*j 

(JljLaj i 3 jLa 4jl (jjj LaajJLJVO / jC . 4 . ' ( _ ;r 3JI ill . 13 4_uLj^j 311 

. (jUlfcJl 4>.j. 5 LiUj 

t _ 7 J-i l < im 4j . Ig-i.i.u jt 1 jl^J.1 £-4 3jUU u U. 1-3..3j 4n mjJLB 4_uLlaj 52I j_>J I Lo I 

<3jul> jjiiXjJ jJjJU3u3J 

42HSJI 

3 • • # • - « 

ljuij . ^ui j 1 43_2lj£ 50l_a cULLb - 4 a ->■ -w 1 ■ .i -«. U a l~ *N 4 1 1 ii ill L^-iLi i_2^ju 

^C. 20 LijjJ (j^ IjJj 1 0jJL2 Jj-iIiJ 431 j2 «.U.I ^<^4 1 LljjJ Ijl 4j) i 

o ~ ‘ * 1 ^ 4 — l cqL»- 4_isl3 < \H_3 IjJ 20 JL 2 Ij . l>. Li3sjI ^J-LlIiJ L^-llj #Ull ^ya 

l 4 L3fT ^j| LyjjJ 1 JJtj rjh~u-< 4L u ji JJlx-jj 1 ^ ^ 0^4 _jl 3jLa 1— aJLt£.j 1 4.1 i...».l I 

t * 

4^13£J I JuLc 3jl^_>JI 4^-j^ Jo_L>o ■ ■ -* ■ i i_ll_JjJ j i «~~ Li3u! 

j <*x. 0.9956 i^jLlxu I <\ ij \ ^uu j ^c. 0.09970 ^jL-u ^ 25 4_>.j^ juui tOU 4 J 2 I 3 SI 2 

. 35 SjIjJN. 4j>.jJ JLtC, 

* 

l_4~& (__f\3lLa 1_JL £p~ lolj- 4 i 1 ii ;5 i ....*>■ i 4 <^ l~ ^ 1 1 jjLi (J j 3 1 1 1 . .. ' 1 3 'I . .. L<l>j 

4-l35v.l I 

<yi^JI Oj>JI 

4 j 1 11 1 U j i_ 2 i^-aj 4 _■ i 01 Ijl 4^l3$JI jl . 4^ bill 1 4 3 i L ' j 4^5^ 4 _u-oL>J1 * i 

.till (_JiLa 3jLa 4ali^j 3 jUI 4alii^ 

L^jjj i_J j .i Jt ) 4LUjj 1 4-i^ ^ I ~ i a 3jU, 1 4_2 Lii_^ i 't LU ^.4 . .. 3 L^jI L^jJu1_2_j 
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^LUI J.^ll 


4 j j i u-J I 5Ja liSLJ 1 j] (jj_jJI (jl : j & (jVI 4 jlr i_jJjl*ILll_j .till 4^liS (jr c._jjJl 

: 4_JloJI SjsjljJLi 


SjLII 4ilil^ 

till SjaliS 




yL> 4jl_j 4jliSJl (j£. ( _ r £._jlJI jj>5l jlHajj 

Sublimation <^L-2Ii 

* 

Lttul 4 il wi 1 1 jl^ll 4x.LLaIltuLi (j£U * I LiJulLiu (J 'lj • ■■ 'I 3^_&ULa (jl 

. 4X-^ I > ( ^ . ilT e-l L^jI _JJlU V 4jjLt L_a_J^Jo lIlxj I (j.j ~>- (jpJI I g-a b> « a (j I ^C.j * js x . . l *i i j) I 

JloLsJIj t _ r C.Juj (4 1 1 1 oil <JUJI ( Jr 3 Juu-o^l u- 1 ^) *— i sl^Jl JLaL>J I 1 gale. 4 . 1‘ taVl (j-°j 

* c 

jjJLLaLUl cjIjjJj Lutul ij-2r j-"i 4lal — ...u jj LglSUj V 4 >1.^11 3 jUI (jV ^aL^>Jl 

* 

jjjC. SjLjjC (^yjiiJ Luijl j~r_ZCi LgjLj (jjLjjlll 4 Ulj~ jl £jjJI (jjll (alt*JI tljl^Laj^ 

^£- tl.i.'n .1.1 L ((jjjuJI £-il tlj-iiuJI (^ £_/ a (j-iafjl IgJjJ CIj I , ‘ i . ‘ 

• i _ 3 _f LjJ L j^ (j a . « 1 1 u n^u ll jlgj>Jl 


(jjjLi 4_ijl_iJI 4Jl_^JI (^1 4 i II 4lL>Jl jj^o jlj_tU J iIiLiJ.' (J^_rt_jJI 3^_is>Lli (j^-G^ 

Coo (jLyjLtu-o iti-i— (jJ Lii LU I j l_ J_ uaJI (j^^JI v_i i ..51 (_yjl-j (J^ 3 • (j^o I j “ iI Ij I— ^jle i ^~v) l 

JoJLtUI 


Surface Tension j. j^nt 

* * < t 

LaLa-i JoLre-a (JjL m II t(_>j— >Jlj il_ajJ 4 jI^_i_ > - j_uLj l^oij (JjL tu t(jjj^>- GJj.- 't "j 

i 4 

j « *~‘J j * I—* La-> '-l' 3 Lse_a 1 c ^ l* 1 ■ ■' 1 1 J i C I I t(_>j-^J I j * i— J JL 3c 1 1 \ <Zj Luj-3cj 

J « iiij ?tla ■ ..II (^4^ jJI CIjIjj^jJIb (^GJLjj . 4jp. (j-a jl 4l>u ^23 olljj^w (j-^» 1—1 

i .-s -jljj i^l-i inti jjJI J^us^JI (j-a t(_>j->- (j£La_t) (J-ilajJl (4>-lj jL>oLj 4_L 

J. til J jj (_^l jl jjj (jl ‘ _ j-J c-J 4_Lal£LSI 4JL^lla (jl_3 ^yJULiJ ^_J jLscGJI Ijui (_,!£■ i - 'I « ~ 1 1 4_ilc. 
5 a I t-^ 1 1 4_ui^ * 4-S 1 1-» I Lj 0 Jujjj ‘ ' ' I !*»" » (_p t ... 1 1 ^U..i 1 ' ■■ j li i_iU jJ i ^l*i ' ■ ■ 1 1 4j-rtj-uJ 

. ^pl mil u •*■ la - -Il jJp-H (jr-* 


* *■ _ . 

4 ~^ l ... a (j^So LaJLlc. (JjIjlu jya (j\j_a Ijl^J 4^lia 4JL>JI J. «~i 

4 a\ Ull Cjlli ^ U . ..I I djLjj j_r>- (j^> JJUC (JSl (jU o I jua jjt jl Li>jL^>- jlIc. 4_ *- . U <.u 

d ^ j l^ 1 1 | ^la£ jj ^ t > 1 ■ ■■ j I JLji j a^£U I 0 ifa^-t U I I Jl £d ^ f i ( ^ jJ I 1^ . 4_J IaJ I 

* 

• WiP 3 
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■ Lj ^ 1 jS-j J-pOj (L^JLSLiii SjUI 


1 Lq ->-j}l-> t M CjL >-1 ...i.l, JL>- |j 1 ^ * >< ~ t Lr 1 ! Ji i ^~ ) I jj l ^ -<->J I 4JsL£ JjLs-jj 

ujjbcJl 3 Jl i~i ^.lf. JjLtiJ mJ 1 ^3jjJI jljui-a JLaUjuj^ . jSL a I La 4 j^^SL)I JISLlILVI 

* 

- \ a rt-La j_j£L ■ 4 * V . V. e_ijbLJl |_£j9 LsjJjlS . 4jl!ijji>» (^a_) 

JLjJL 4 j>.jj jjLjJI 3j l^->- 4 j>-jJ , jm . 3 . >j 

1- l S L sj CliLjjj_>Jl ,j-u l— i jLtJJI ^^3 jj^a ( j^->3 ;*i ^5 '•j 3 ‘ 1 1 CjLujjcJJ 4_»£j_>jl 43llaJI i y J a 

. 3jlj^>Jl 4j>*J.l ^LujLl I lilt jjjjJI t^lTuLl 

: i jj^ajL-aii. 

<(_3j-i3^LaJl 4_u jL>.j 1 1 < 1 < ti 1 a . " J 1 4_jjjL>. i L^Lo a j i uSL 3jLU t a . <a ~~ 1 a £ 

. 4jj^JUj Jjj-LdJ L$lJ_>L!3j 


4 Li ^ Li-g C<_<u > i ‘i_i *>- > LjJl'v <~i| j l jV j -»■ i j SjLLI .-.VI ^ d . .. lj s i - ■ i. . j i ^ 3 1 1 ljui ( jh 

I»L*J1 j^jLSJIj JjLjij J^^j ij^-jLo^ kijIjLiJLj 4 3 l«Li 1 1 oLa^LJIj jul j 3t l 

] 43 Lu 3 V Lj i jjJ L>iJL I J .J • 'i r* . j ^ J 1 ^ I ^ 2 4-L L ., 1 1 4 J UJ | 4 .Ju3 1 1 a i - . ^ . US’ . 1 1^ HJJ 

_Lj^_ j— J l 4 -l^jIjJ jjJI 4_jjl — l3sI i M i l l 1 _jJ->J j Cj I jj) LJ I j 4_iLuaJI 3JLd>Jl 4_Ja_aLLa 

* (_j- a LwjjJ I j ( _y ^ a- 1-> i ii I I ^3jJL^ j_yol^>jl (jJiAj djjLuaVLi nj^ic-ui~.H {_j-Lfc_Laj 

*(J * . “i lj 4 ^LLJIj 4^j_>jL^ t 4_jjLj^_i , -! ! I |<Luiimi (j ^it ' 4 3 3.1 ->- jJ | ^3 lLoc_i_j_cuJ 

. i . '-ll l j <4_. ... .L. I . i 1 1 j frL^SJIj 
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• iJiS -1 ^ 1 £-a j — 1 

.CjljLii! 4-dL*Jl 4Jjl*U 3' ^~‘ ‘"'' Cj ^ * ‘ J ^Jy* — 2 

: ^-uftLUL) J a ‘ o oil — 3 

.^liut jUJt-i 

.tjljliJl jLiiil — i_i 

«£>»■ “•»■ 

. d K i ,~, M dj Lc. 1 — j 

.tLiluaJl 3JUJ! (jr 3 — -j£ 

- i 2 1 1 1 £>Llj_u I ^ 

* 

. 1 _Jjt i -^> jj (J j JlScj L^e-us d I ' I -~1 1 1 jlj^l Ip U-UAJ L_ d-ifj “4 

^JiJ (1) Lfciljlj 3jLo ^ pul 5 ^13 — 5 

‘. 1 ■■■'■*- 1 (40) p gj Jj) i.'-iil {^jjJl (jt C'fll i T 13} • *LU 

- f ~r A I f d I i iC ? 1 4 _) ^ 1 1 t d i . . ■ j U — | 

. (Jj-bg-^JJ 4 -Aj j_j>J I Cj Vj-l 1 — i— ) 
4_u-uLj-uI -> 

- ^ •*■ tl sr, I dj JL>^_i3JI i 'xj a j^vi 4j>-^ I ~6 

. 4_)jliJl 4-]L>JI j^l 4 1 1 i .*1 1 1 4JL>Jl jj-d 3.1 La <J_JJ>o p-tji jJI £wd £jjj ~7 

* 

. dj M . „t | 4_1L>J1 J 4jjl_kJl 3JL>Jl _5 < 4 \ ' in II 4jL*Ji (j^-> Jjj-iiJt ~8 
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AjjxajJl e L«A! I 


A-J J) un 1 ? I ^Lx^oS^I 


{_ya 'j '-«'■»-*■ i-ul ' LiJ2 SwUJLC. . >■ « 11 «. LajO-^J Lj 4a^_*_<3 

j £) It 1 11 V " i iil_j ^^a-.a~ill j 4 -C.L.L h t (jJS lj aljLjLi-LlI 

.obLuJI j_lsL 3 j«J 1 j 


Sjlj^tAJ a ->o (Jill 4-u ji 4_uLo ^j^a 4 j .t l3tTu-..> 1. 1 jl_jJLI (jl ^jL_iu^U -Lfij 

* 

4jr 3 5M ^JjuaiJ ^ jljJU tfjua (jt IjjL-u ^ l i-tIj .4_uJ_*_<a Jjj-ol ^j-a 4 ..-.It-* , ..II ^a 

. 4_K).i ».! I cjLlS^IL: liiUSjJLI jj-A Jioa LiUjJj Organism 


^^111 (jj^ijJlj ill 1 j J_iJb^jj.SLI I j CjLt-u>al " j .ijlj iOlj_uj^_JI - 1 ~ ) l ■ ‘Cj M ,jj_4i 4_l~i -a I ^j-aj 
1-iiij L^jl (JT ic. 4Jj } I . '-I t H tLoaaSJI LliJj Jjlj .4_ujLpJlj 4 _uLl~J 1 4jjLC^I (_£^L>u 

4_jl ( _ ;;r Lc. ^jJLj>u iJIjLjlSjJU 4_»jj1jJJ g_i i^jJI a Lua-iSbl 1 {_ya £j_iill 

* 

iMjJli . 4j j i . T i r . J-±C- CjL£^_a L^jl (jric. l—iS-Laaijj (jyic. (_£_jb>0 (JT iII ,j-a j_uSJI 

4-J J) '^r . J-±£- L^ol CjLj£^ 3 o1jL.bLu.uJ lj ot J_u^SJI 

* 

4j^juaj»JI cLumSLU 4_J ja 1 i 'ij j.»"W t t , . .-. 1 \jj . j j) ' « U 4jj\_£La 1 ' i . ..‘i 3j1^_>Jl 

0^5 ji (jrli S-Stu^Li (j^v-jj, lj (jllj (j^j^SJI Oiljj ( _ T lJI oLf^ll a Lj_»j£ L^jl j^jic 

. O^uiJlj ( JiLa u >* • < 


Vjl a= -Jj ^Jjjjl JjJL^jJI 4_oLitl SjjjJI ^—usllc. JL-3-1 ^i> 

(jlij2j_!i£JI 4 _uLaj ^b^cj (Liiljia^UI ^ La^j . J_al£bJI jIjlo 

4-»jjI | ~ . ~I ln~i 1 1 i j (jla LiiJjJ .4_uUiJl SjLf.la 4 _l3 j-i VI jl JlJL I jJajSLJ 

(ji> ' < O b 3jj lL_iI_3jJ! aii-A !^y a 4ia_)lj (_)^ ^ diljjjl ^a tiajljj 

. 4_aaji Ljai 4 Joj1j J i ln I 4-l-a.ujJ.I 3jjJI_j JL>-lj 

^4 4-1 1) i <~l « ! I <Jll Ll I al -\ .auJ tj 4 _J Q 4 1 1 II I Jr*! I 4-JOJ 1 I 3j j J I 1 j 1 ^ 

4ajjL 4idL^_a 3 ji 4.^ (jjSji ij jJI 3^3 3jl>.Ij 03^^ Sji (^ic. ^ jjl 

.(cialla 4j>-jVl cr^bj u -rl n C J ^ ilaljj 
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OJUJI 

S-iLjjU J-LaJI ljuij ■ OSj^-A—a ^ nj-^c i_t£j_a (j\j^L_a 4-<-'x.a^>- ^yic Jujj La xiJLL& 

* 

L$la (jj£lj OlLxji j-a . 4-ij » >> » H oLxiij-U j_uSJI LxajJ { j ^ j - u 3 -=*j (^Co-LJI (jl jl 

(ja 4 -.i x-ilL ~ i i >i a jl (J j j " 1 1 1 oljjSLa jjja 4_aj_Ju_a oLxSj-a lLILlAj jJ-jLLs JlLs-JIj j t-JlJl 

.4jjjJ^?Ij f-Lx^lj (_juJ^Lltj .JalUll jl ■ < 1 1~ ■ I 1 |Jj-4 a if 1 * <s\ oLi^jaj CjLiLxxJI 

4_j j ) ' ■ '->< M diLxS^_U Jjx. n**- !] j_xoL»JI LUsj jjLuall JjjJLJl jl*jj 

. 4^1 i jjLuaJJ ^ Jt OjjjJI j ^jjc-Ollj ^wtJiJI ill! j ,_|a3 LA>- (_j3 

j_i <i i (jr^ 4_al^Jl 4 jjxJoaJI al ,i a i*C J 1 CiLi^a ^j-o l-L4> .Ijjjj 

jl 4-xjLij jl 4 jjL>-I xlajljj (JjSLtljj (jic. jjjjjSLII 1 4 a jj-iijLujaJ'Jl 0JUS> (jaj .(jjjjSJI x— iljj 

in -»JI j-j-lS £jJ 3 (jyJl «^->l nU.j 4_Ljlo (J^^L-xx* L ) < \-J'ii -J 4 ml..i‘i £-a 4 _oj^Lj 

aLaLt II jaJi-Lo J < Ju-> OiLjl5>j_U 4Jl& 4_xxxljJ Jj (\ i ■ ~‘ (Jjx-I (j-aj . 4_jjL/>-_i AJlj 4_ul j a _i*v 11 

CjljjJI £_a jl Lfl— i-u-4J £-4 I Cjljj JaiL-ujl 4 i , , r>. I i ix^a ’Ll 

• jji^will I JL4> i _ r !a L^ia (jr^C. ^LLlx/ 4-il~ Sc4 oLc.j-a.se-4 

4-rj<n t ? I OLjfjJJ 

jj-aj .4_j-aj-Ji LuLp- ^ yjj 1 flxa (J^LjlIj 4jj-u3JiJI j. xcj 4 jjjLul!I oL£j 4I [ja JuJlaJI tiJLL* 
j ^ . .■ f 1 i U . .i < M (OjjJI iQlljt j <»ill * LT* 1 ' 1 JJ J ^ ^ ( J^iy ~ i ii VI 4_»_iLij 4oj_0_»J( jijll 

4 - 'jl ~ r. ij . ^ J ' J i/'ll oljjJjSj ^LxXsJt L^JLa jj 4 jj II j-oC oLjJ^jit Lai . Liij_iCJ 

: 4_i jO «J I CjLiSj-all 4 jJLJI (j-ajLi^LJl ^ l" i i~n .gl ^jSLaj 4jl^ oLj^jJLI oJ ui ‘ ~> - 

* 

Jjs>-j_a (jjSj 1^'^ »-! ^jl U£ 4.ii-i ii *r i a Sjljsv CjLs-jJu 4ojjJojlJI oLj£jJ>I -1 

4jjL*JI * 3jhj_IiaJ l jLc jl LpL-u 0 K JuJ 

[jL?e_iji£jVI jj-a 4_jj3l£ ■ ~ ' I j Jj^-j-l 1 jlj -Lie i/i t II CjL^j-LI j a , -r < iTi -2 

.^jjjSJI JljjjjSjI jLc L^aJt)l oljLc 

• I j l i*tj j 4 L . ^. J a J-xC (_y^3 OLljll ( JUJI 4 1 it~ a J-xC. 4-Jxjg.» 1 1 Ol_i5jJLl “3 

(_p— 4 4 'j !>■ ol — ujJLI e-jjJLJ I a Lit 4 jj iA ■— 1 1 oLj-SjJ.1 L- xJ — a ''J -4 

• (jj ij jjJ*i?l 

4_JJ ah T 1 1 OLxSjII t 4 I Lie’ll 

jl L^Lxj La juSl JjjjjSJI oljj (JAJ JajljjJI 4 -ajjIs ( _ ;r Lc 4jjxiuJ I CjLlSj-LI < nj . i m i Jua ~ i t.» 

^yjl 4 _jj < A « II pi jijll x. i ii 4 ~i (jSLaj 4_jL_j3 — tuVI Ijufc 'iSj— CjIj jJl j-a 
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1 1 1 ■ ^ iC 1 1 

XI > J.I gj^£> !^ya JJLC. d-^aLc. 3 ^-Lu jj 5lii a till Ijut . d .1 l"i •> <a CjLc.^jj_?c_4 

■ ^ i nd ^yJI ^»Ld. JS-iIi-) djj !.><« tl l.T< 1 .< ^1,1 ^ . ., ,-i~^a. i“il e- j ^ I a Jut ^McLL) ^ ' r _$ 

: A-u jo^S I iIiLSjII ( I ) 

d j C j—Q Cj Lc . j -~y~-4 $JLt ^ i laj j ■ la u 3 ' ■ ^Jl ^y) dj^SJU lZj! l^JLI (_y^J 

*LSjAI i 1*1 i i I si~i d 111 ^ i ' ^ j i ( 3 - 1 ) J< <~| 1 I j . d-j J It<1 j 4 _laL>- J d » 1 A ^ j ir a d « L .^. rt l£>^' 

d£ji>i«11 kljLiS^II 4 j /j , n~I S_lc.Ls ojut Cjj i"r.l J45 « (_£ in; dj ^.>..t l 

* * 

• cisli^VI d_i >4 (j)~i >,u~i t . .,l . ,.i 1 1 >. il 

jj , ll j ) I CjLlSjJ .1 <~<1 ^ Ui ■» ( 2 ) 

. (j^ J j J l- uJ I njrtJe-<-u^jVI (J)La CjIj j JaLijjLl <j^£o ^ylJI CjLjL^jil 

iCjVj-re£J I iZjLc. j , a ->JLl 0 JlA ( 2 >d J JJ J I jilj £js 1 if . j 

.( 3 -l)J£i).j) 1 ... 



oLi^j^Sjj O l S\ ui ^ 


«J_u 35 



(s^L:i£ji c.usjt) (ciiiisai) 


Ajjju^sJI CjLS^XI 


=( 3 - 1 ) JS^ 


djuulll ul) L) , U , j H 
Cjljj 1^x3 (jj£j lJ yS\ Olj^J^SjjJU^Jl 4jL_j-4j*_a Sjlaii (jJij 
: 4 * . ■ ■ » 1 1 Ju^il (Va ctj-c-^j ijJllAj . S r a ^ 

U3^d (jr^ CjLSjJ. 1 ^JLA Ja^uj lj < _ i rtl-> . j_ui oL^ : ljL»15LJ VI (1) 

Ijlj .4 jjL»J! oLjl£J^Li ^ & i .i ij d_c. " <a J _irj d ^ j ~ ~. , ., ^ d ■ >j jj ^ 1 1 i ..1 1 1 ^ . a 

, * 

oljlSJ>U d_al_«JI d « j tsi ! lj . 1 1 U i i t~ j-j-SI iLd d_u^j^£L)l ^ . ,. M . .. M A~ 

.C n H 2 n +2 
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lU LUI J < 1 1 1 


t_ uu>. d_Lj_a da 1**4 1 CjUiISJ^I bj. LxJI O Li^jJL I ( ) JjJlJkJI $ 

. 1^*3 CjIjJ JJllL 


A *. j 7i~. ...t ) lZj Lj LSL! Yl *Lf: j A •* -■ A Sya (JjtjYl fij . t .1 t 1 :( ) JjJoJt 


( C) pLUJI 4 j>-jJ 

4 jL**aJl 

^LLSVl 

Cdljj JJLil 

-160 

ch 4 

(jlLya 

1 

-89 

c 2 h 6 

ijliul 

2 

-44 

c 3 h 8 


3 

-0.5 

C4H10 


4 

36 

C5H12 

(jLu 

5 

68 

C6H14 


6 

98 

C 7 H l6 

^LyS. 

7 

125 

C 8 H 18 

ul^il 

8 

157 

C9H20 


9 

174 

C10H22 


10 


j -i i ~ lj Lgjl i4*-i- ~v CaLSjil d. -i a * . ~i ( _ ;r 3 5 a$ a «Lo_i_u'^l oJJt (jls < LlaL-ul La£j 

t^LdU d^LjaLj oLjLSJ'^l i_yA . * .fij .I_j£j-U 4 1 lSJL-uJLI Cjljj jjlc. 

* 

(j^j^LlI cjljj jjlc lit ^ "■ a ■*■ Cjljj j~. j-Lj m~ 5L)I ^LiHl 

La iilj .(jljj^J (_i£j-LI ja-i-ul j* i i<-~i I (jl . 1 1 1 4— 3 1 iI-iLij ^ i » ,i 1j_£_3 4 j^L (_gjL. ,i.,«u 

La>j.JU *- >l 4_aLl J_C.ljJs i_£JLl4ij . 4jj..»..i.*a 7 r. i L^L a iuj (jLs uIiLl^jJLI tfJuSi 

jjSLaJj iliLiT^-Ll 4.La . ..i..i.i * J (IUPAC) d I ,L~I ilj d ~ -V jJ j C 1_l<_i— LU ^JjjJI jLhj^I 

1 a_i°l dJLA (_y3J 

.(_j£j-!ll Cjljj £ya d.L-nL« (J^LI jl^t_)l -1 

(Jiiljj jjui ^Jl ^ j i'll t (_^jJI ^ . uNl 1 dliLLJl ^, ^ - ■■" -2 

* 

. ( d-l£La.l I |»1-3 j5JI ^JlSajumJ ) ' I ^LLSH Lh3j ^ L « 1 -3 

• iZjLLLJ^I a L-1*J I ^wq ^La-u-iA'L) pjL_iJl 1 . 1 : - 3 


1. 1 iiC-1 li~> _pj I d '“i a VI ^js\* \ 1 I la I dj 
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>/m!I f. \ l4.j£J I 


ch 3 

ch 3 chch^ch 3 

12 3 4 


CH 3 CH 2 CH2CH 2 CH 3 

^LLu 

olji 1 (jy~^ - 

j-J 1 LSl-o — 

(2)jO ( J)~ i ~ l a j ,_) ( J a ^Jl — 

.(jLj^-ij C Iji^jj 


ch 3 

ch 3 -c-ch 3 

1 I 2 3 

ch 3 

tjjijij 3 l _ ;r & 4 L^Lx. jJjJal — 

J-ll^s :£^_UI — 

(jljjjj JA^ 22 


C 2 H 5 

I 

ch 3 ch^chch 2 ch 2 ch 3 

1 2 3 4 5 6 

dj ^ i 4 JL^2L ^y I _ 

4 3 : I (jl^La — 

J-ul ja-Ljjl — 

jjlxuSL* (J2il *3 ^i^ul (j_j£4 Ijl^jj 



(uAw) -^je ^ 


4L-U-LJI (JA 3 -ilj 1— <45 CjLjLSJ^U ^LlLaJI 4_>-jJ (jL*i JjJL_ >JI ^£i La-? j 

* 

(jL4-»JI 4_>.j.i jJ L j ^1 L | a '°! . (jl jU II 4_>-jJ ~r il ^Jl yj .a 4 1 ^3i 4_i_i^j^?jl 

4-^.jJ LAIj 4-jj2La 4_>.j.5 9.5 L - J lj- 5 5) (jLjj-l ^ L ~1 j . . a {jrjLiii — 2.2 

• 4j^lLa 4 j>-jJ 36 ^Lil Jl jjLiic. 

3'~< - (JSL j uJ L^jIj!) 4 1-1 J "j-a 4-»-L_ju3 {j£- SjLlC. (jj-Aj : 4_> ft 1>JI ulLlLSLI^i (2) 

4^al_*JI 4jLj_uaJI _ 1 _>.Lj <^^-2 4UjJ 4_aL>Jl ^S Ldi T j L^->- JJ. v J Q 1 1 jjjs LK^ji ■)■ 2 2~| t±^„->- 
Lai .4 -JLjJ^I (j^ljdJl ,j^a 4j>.jjJJU i!jljl?J^/l 4 _l2lL>JI CjLil?JVI 4_i_jjj .CijH 2n 

IjLC. 1 a L^ULiu ^3 4j>-j~i .i U ujLjlSJ'^l 4_1_UJ ^ j 3 d I M I .-, I? II ^oljJcJJ 4 i ... 1 U i 
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lULUI ,_L A ? I 


IjJSj Lul j a 4 L>j uj L$j[_3 CjIj j £jjt 3 ^ < — 1 'Mj i^y 3 4_i_aL>JI oLifT^J.1 

.4-laL>J 1 oUilSUVI jj-a ;_V^J-1 -tj^SjJ.1 jjjjL^J 4jjljJI <_yJl 

H 


H 


V 



l_^-“ (_r^“ 


!^ya 0> J r> n Li La ,j1 3JL>JI alt* ^^3 ^ojIlOJ i * fc -j -*- 

tjaj>.jj_L^i> (j_4Lj (j^-i^SLlt 3j j Jjp. dajljj 


H. 


h/ 


c: 


/ 


H 


H 


(jL)j^_i j Kj L-u 


H 


H 

I 


ch 3 


jiSLLcu 

ch 3 


H - C — - C - H 
H-C — C-H 

I I 

H H 




^LUl j)l£ )Lm 

j ~.l M < t V I j j , >> 

* t 

Lua^_ua_>.j CjLiISLJVI j_yl.il. jJj..i.<a-:*=.l.l ^aJiVI j.i-ual.1 j^S> ^ « j t La J 1 jLiJIj (J jj ■* j 1 1 j i " »J 
lj^J.1 J jL-i 3 Hi CjL_iLa_c. (j^a CjLufT^JLl oJJt (_yL^. jJjAJtj >.j (C 1 -C 5 ) 1 J La 6jr£ * ' ^ ^ 

4j1 VI (3-2) (Jjjl>J 1 Lr'-Jll _jj*JJI <_yLi. dJJi j_>L*>iTJI 4_JLax. ^jl_jj luu^sj 

|tll LiUjli 4_2 lj^ Li II j-.i" d-i nj Sjj ( <-> 1 3j. 1 ,<H djLjlSLlVI ^ ' - _J j - T I ' . « 1 ^ 1 1 £jja ri i/u 

* 

:^£ju CjL£> 1I a JuS> j_y3 LuLia.^ oLi^II ajui jn^»-».i 


64 




! | L .H i 1 


*! 3 ^"' :( 3 - 2 ) Jj- 


l 

kljljj JJLC. 

SjL_a ♦ Lr -C.' > id"> Jj — Sj jl — *J1 

CjLc.lt 4^>]1 ^_yA J ilK 1 4_Jjl 

C 4 -C 1 

3j_jJL ju3 CjljLg^i J^iSj CjLuJ_A 

C 7 -C 5 

CjI^LL 

C 10 -C 5 


C 18 -C 12 

* .*!. Co i4-di-L^ Cj^jj 

C12 ^ 


C20^ jX\ 



^ / 

^C = C H 2 /Pt 


I I 

-C-C- 

I I 

H H 




jLL 

j,. A U" a 

uy ±M 3J^ 

i) 

Qj- 1 1 Itm <fl ^.gC. Cj^jj 
4 -lLu3 


jui ( 1 ) 

u^l 


CH3CH2CH = CHCH3 


>0 ^jSLcj d l~'l r.~ a CjUISJI 

2 R - X + 2 Na b 


2 CH 3 CH 2 CH 2 = Br 


, u « . >> H H 

H 2 /Pt CH3CH2CH2CH2CH3 

> l~1 « f r*> (jLj_Ll 

Jhj^ Jc.Lo 3 (2) 

Lo_j_a CjljlSJI j -t-ua-Jc-HJ 4 _oj^_LiJ I £ju& ^ i •*»• ~ , ^ 

.<2j^kJ| djL^J 4_1 j l *Cla 

la ► R - R + 2 NaCl 

o\&\ 

(-Br jl — Cl LJLc.) cj LL o- jJ L^J I Jlt»I x 

4 -C.^aj>JL jLuajjvl (jyJt R J 

Na CH3CH2CH2CH2CH2CH3 

► 


4J3L4III j-xc. cjldlSJ^l j-LiiV ciILLiij 

R3 CuLi + R ether w R - R- + R-cu + Lix 


CH3CH2 

\ 

^CuL : + CH 3 CH 2 CH 2 Br 
CH3CH2 


CH3CH2-CH2CH2CH3 
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lULUi j^.ah 


VLLiVl 

<lLVLs ] 

_jl J — ^ -a_g j - j It « j ] lZjLjLSLJVI 3^I^_>JI jl c.j .>»!! t 1 1 1 . A ~ > 

^Jl . i ~ i i » VI oLLSUVI _j! d ■' « <* ^ vjjj .^jJI^JlII (_jic J-£JVI 

# # 

. (IjjLLus Ljj> ~X 1 ' <Lc.j_a_p^a jl 3jj (^1 4jl ( _ r Lc, jJL_>Jl i_3^juj) 3^>Jl jjJ_jJLi 

* » 

oVjLdL. l *'-’ «*- l.g ^ OjL-£^_i! j^o Lcj^_« ( j r L^a_J 4-lrr ig J i 4 1 1 a t* ^ a i 1 m l_o I j ] 1 A j 

:<JLUI 

CH 4 + Cl 2 (t> ^ )h2 t , CH 3 Cl + HC1 
■*' j Cl 2 / h 2 ) 

Ch 2 Cl 2 + HC1 

I 

CH 3 Cl , Cu 2 Cl 2 , CHCI3CCI4 ^j^_a ^Lll Li^-i 3 

j ■ U. />~ U 1 Ijui cjLj^SLa j^SLajj 

(JI^VI) Sj^Vi JaU: .2 

Cj L l -o ^ jj_?eJLj_j tLo_J JLu^jl ^Lj (j. Laj-Hl l £_a CjLiLDVI jjf 1 A~~ 

. H Vi I n") I^JJ jJ . ^aLiaJl £y 0 3^jjf> 

CH 3 CH 2 CH 3 + 50 2 — >*3Co2 + H 2 0 + iSLL 

i*JuHI j-jlC LLlLj^J^Sj^JU^JI 

4-LijIj lt^3 ^L-iSLiVI n 1 n .a j^JI 4 jl-LL 11 t-HiL ,v_ig 11 ^ui 

— edojlj (jr^c- l5j-3->o I oLLjSJVI j (JJaVI 

.(J5VI t _ r lc 3jl>-Ij 4_pMj 

iJT A — Vjj . CnH 2n _ 2 (jj-4-3 CjI_uLSJ>U Lai CnH 2 n oLLjSLl^U 4_al_*J I 4 » j , VI j 

4 1 1 t & oLjISJVI Lai tlr'-L!l ijlSLil ^^1 J ^ cj LILLI V I 

* 

<LI VI ujL-SjJII (li ^ oLISJVI 4_ -i—a-iu-L) LLLj (^yjJl J-C.lj_UI JjjJaJjj 

Ijljjj iIjj^LxJI jl 4-LLliII <lLjI^JL1 tJ Lu 4jjJjVI L)l^ Cjljj jun H 3L.I^_a 

* 

t4JLaVI (j^i >-) Laafl j i^LjVI ,J^I ( _ y iiAj (^jJI i—3^isJI jj-a LuL 


66 



2-jj Jr, « ) I f U n X M 


CH 2 = CH - CH 3 
1 2 3 4 

ch 2 =ch-ch-ch 3 

! 

ch 3 

-1- _ 3 


7 6 5 

ch 3 - ch 2 CH - ch 2 -c = c -ch 3 

I 4 3 2 1 

CH3 


12 3 4 

CH 3 -CH = CH-CH 3 




-< 


1 2 3 4 

ch 2 =ch-ch 2 -ch 2 ch 3 





3^CH 3 


CH= C - CH 2 CH 3 
-2- -5 

o 


L4J3SJ t-dJjj cjUISJ’^I oLliiCJ^U 4 4 3, ~~ j 

(Jiu 1 ti 3 1 \ j-lL cjLujJII ^ tUl iJ ja <Lul 3 j-±L Lr ^ 5 .Ur^, . ., ^ 

‘4— SjLLxll oLjLSJ^H 4 jjL 5_4 (jLj-Lc. diL^-jj L_gJ 1 * ^ <jr cLijj C^ j— 1 

oLuKJ'il 4 } mm j ^j^JI jLfjjLi oLi^jJU 0j.fi> (jl jlr 

jdlj (jl jU II 4^jj 4_p-lj oLL^l^l 


j < t S t j-l ^ i3jA^ 

jJjSLJVI jlJLs, |jji jlJLs -1 


JLjJL* JjfiiSJI c_}l jJLI . 1 j . X aj . 1 j A ^ jJr k a Ai 1 

.(J.iSJ'i/l j_JLi jjji 

II \ ✓ 

- C - C - KOH / C 2 H 50 H w C = C + KX + H 2 0 

I l £ — \ z 

H X X = Cl , Br , I 
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lULXJI J--» -=.11 


4 jlr LUl juJL^IL 


(jja j 1 1 -> 4 _lLlLUI ' 


: Lr ^ 


R - Cl 

< 

R-Br 

< 

R - 1 

R 


R 


R 

H-C- X 

1 

< 

j 

R-C-X 

I 

< 

R-C-X 

1 

H 


1 

H 


l 

R 

1° oIjlJU 

2 ° 

ol jlJLa 


3 lIo! jlJLa 


oUjS j 


5jlx.L 2 (jUs £jLlU J LoJLjw 1 (^j-a j- "■ $1 (JJLLi (jli> I jl_j 

v-3-l_>- 4 j c (j_<j ^.jlj j-2 LSI 4JLj*. 4_j| t _ r lc. SjlcLUI ^jla . ^ . .. ‘‘j j ^ 

^jja 4JUC. 4^3 4j>-jjjJU 4 -LijIjJI J^u-j ^jJI j-* ^jLUl (jljj j-JLii 

* 

5jj /jj£j jl^j H 3 jj Br 5 jj 4jljl ^‘C <ij ^Ijjl (Jx-LojJI .JjSJVI LjLc.j_a^?c_« 

^jJI l _ £jl i Jf) i nj ^~i m 1 Sjj jt j L<..» l ^ if. dju& 

. 4 _>-JJ^JLl 4 -Lui^JI ^ii^l JjSJVI CjLc.^.q_je_a 4 _i 3 


CH2-CH-CHCH3 

III 

H Br H 


■> CH3CH = CHCH3 + CH 2 = CHCH2CH3 


%80 




-2 




JjszZJt <> *U1 4jljl -2 


lj ^ LI I -** J l^j ->» c*h.“.i>^2 I ^ A ^ ~w I (j^je-cuJu La-"J I I JLA 

* "*j ■ ■■ 5 jlc.Lj 9 ^ i -»• ~ ■ .." j 1 < 2 < 3 ljJIjJI j **■ iil (jylc. iZj) 1 jjja pLU * 3 1^ 4 _tj^u 

.^jllU (jLaTtJvi (jja clJLLA (jlfT Ijl (jy-mSijl I jyjLiJI JUjLftjJ 


ch 3 ch 2 

I i 

CH3 - C - OH H2SO4 CH 3 - C 


l ► l 

ch 3 ^ ch 3 


(3°) 





Cj Lij LSJ V I j-l ioj>G 

oj.-l.iS 4_i_£. Lli^a a j ^ a! jj l-Sj—a J^J Cf* LjLu,VI J^l o' 

U Lg-t-4 4_n lTJ*-d ^y\l jLi*iVl . ^LxJJl CjLlLlC '■ ■ u j 

^- l .L J ^ i < «il l£L! I j. ^,1 r. cUI i— *3 I i.j ) cLi-j— >- Cj IjL_j_i_u_!I jlJxoj V “ <,11 

* 

: 4_jlui 4 i \[ » ^ it 1 t y ^ ^ 1 


CaC 2 + 2H 2 0 ► H- C= C - H + Ca 2+ + 20H- 

« _> 1 l^v 1 1 jUJI Cj J f 1 (jjjJI lLUj 4£.LixnaJI (_jJ 3 1 a 1 J-je-j-m I j. S'$\ J^JcsJI (jSLlj 

* 

SjZLdJ 4_Jlx. 3jlj_>- (^ylc. jr . t~.>.uJ ,Llf ^Cu-u3 4ajjl 5jL<i-£ i ~ 1 1 aj 1 1 1 jl 

(j^>- jj . i i 1 l a (J-Ja Tu -h^ I (j jS>L~i i 5^> i i Ss 

00 

2CH4 ► HC = CH + 3H2 


'. 4_JljJl d' 2 jLtil < _. „> , i .i i *» ■ (jj j J . i.u^ \ !^yz djLulSJ'i/l /dajina j ^ ^ < jjSLd-ij 

H - C = C - H + NaNH 2 ► H - C= C-Na+ 

J, ch 3 i 

H - C = C - CH 3 + I- 

CH 3 C CH NaNH^ CH 3 CH^CHoCH 2 Br 

► ► 

CH 3 - C= C- CH^CHo CHo CH 3 


A.H.J.tnl, I JJC. 'j gTl ill jdcLaj 

>451 (j-5- 3 i-J-JaJ cjLijjSJ'J Lj l„ur. 4_u^LiiII jl 4 jJ>LIjJI 4iuljJl j_*j 

U-°J diLjj^jSJI (j£, tliJtjj ^yjJl CjLc j.a 7-1.1 (JA aSdjJL 

; I ^ i « 1 1 ^ joS lLa 1 4-J&J 5iLjs'i/l dj^LcLaj djLuLSJVIj djljuSLIVI dj^LclJj 


A ',**■ 1^ 1 - 1 

CH 3 CH 2 CH = CH 2 Br 2 ^ CH 3 CH 2 CH CH 2 

^ Br Br 

Cl Cl 

HC= CH Cl 2 HC = CH Cl 2 HC - CH 

► I i ► i i 

Cl Cl Cl Cl 
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H 


N, 


H 

H ;C ''H 


=6 


N 2 1 pt 


3 5 

H-C-C-H 

A A 


-2 

HX ^JsLtlal -3 


CH 3 CH = CHCH 3 HCI CH 3 CH - CH CH 3 

> I I 

Cl H 


CC1 4 


CH 3 


ch 3 

I 


tUI 4isl -4 


ch 3 -c = ch 2 h 2 o/h+ ch 3 -c - ch 3 

► i 

OH 

dajLajjVl CjU 1 ' ( 

4 j^ lr*>« II CjLSjJLI 4 ill.-*. It 1 ~ » 1 ' t 1 5 1 (jjj- * 1 " {_yo ( j' ^ * 

!^y A T C-J 4 _)J| In 1 1 1 ^u I q >J I J _L 4 S> jjl jSlsJIn (jl (jSJj . 4 Ju- 4 _>- 4 j jJclC ^uI_JJ t j xl C. 

4 j^_SJ( ol j jj^a JlJlj 1 - 4 j >3 jjiajL-JI jjl CjLi^JU j- 2 tSJ 4 —JLc. d t * . .. l_£jljJ 

^ 0 1 At )U q 4 -j-i-u-I I 4 j i ll ~> J l 455— I5SLJ I 1—1 1 j jj I JL ljj ^ 3 ^ 1 “ ^ r I C j’yj * * j I 1 f y ^ ) 0 I ' I 1 n l^ja ^ 

. I 4 In < ..I j^j LuiJLrv I ^ii" i ) ^ If 


H 

I 

Ns / C \ / N 
C C 

II I 

c c 

N /\ Z' X N 

r 

H 


H 

I 


s/ S / N 


f 

/v^ 


f 

H 


N 


J < i. ~ i 1 1 (j^SLJ l^j 4l^,i~j>J. I la^jj j l . 1 1 olj j jl (j^j^SJI uiiljj i_, uSu V ^.ilU j 


I 5 jjlSLa 4 j 5 .Su ^ j^j^u-lJI 4 i il . -t . 4 _ ? _a 4jjluil 4 UV 543 JII liajlj^JI ijl-j JaJvjL) Liv^j 
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Ajij i^i 1 1 1 e l j ijjCJI 


‘ * 'l ‘ Jj ~X ! I K i~i~i J .0^1—C.l Clin 11^-11 Cj L i . _u i It ( j j. .1 ~i i i 

^ J a *»- j * < 1 L i-w" i j i 1 1 ^ luj/Klt 4 -LlC (II CjLj j^nSJ ^ ^ 

* 

<±ik^ £-ijp jJI I Ju£> .jX. j i >~) I 4jljUw ^,-L^I 4 jLiju 3 LJL->. ^JL^ua-uoJ klUjJ 4_JLL>J I 

* 11 1 Ju-uJ I ^1^-4-oJ I I J I 

© 

<J_i_Lj j-U I iIiLlIHI j_^ 3 JU 4 i a j .il 

J.-A .4 *1 X Jl 4 — j L. i f ^j3 .A i .i*^l 4j L_>J 1 A I \ k i. t_j 

* 

^lc. tV^LjC. j- a.- Tr — a Juv_j Ijlj JjJ^_L) ^-©-Ls {«-<-« jtLiitJ Vjl 4_iL>jLi 4-LLj©U Cj L l j_a_>J[ I 
'.lLUIU ^l.i ->-~ i „1 4_JLil ^ L.i.i VLi ^ " ■ ■•~' a -j-i v © 1 AjiL- 

’Od3©-^ ^ £!»■ 21 1 Jji-ljj (o) jjjjl — 

4 .1 l~w (©£. 311 J-LCj ( III ) L"u.a — 

41 1 jil^jVI J-Lljj (p) jljLi — 

* d>i©^ “^-l© ©1 *-j_J iS *2 1 < uj©l! I Cj L c.^-a_>4 I ^ ■ .~< j 

CH2CH3 ch 3 

CsD © © 

0d3 © J©' LLh^J© 9 2^3© 



3 \ CH2CH3 



ch 3 



uin J>4 J 



ch 3 
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CJUJI 





COOH 






no 2 


ui>^ JLAh l^Lu ~ bb 


CH2CH3 



OiM 1 - L-u» 

oi>jj J^ 1 -u^ -3 ji 


CH 3 

(o 

^"^N0 2 

— l l Ly a 

ilLya -3 


no 2 


6,^2 



- 3- _ 3 


4_uLajjVI jjLua>» 


j jl~W1 I 4 j 1 a f. (J^L>- 4_jLii 1 i 2 1 t 11 1 1 a 5j CjLi^jJU '2 ' j ' jj ■ i ' ' 3^1 II J '■ . . l 1 ^j2j J jj "ill j ." « 1 
^yjl (_Jj) *»-" i 4 jjLLlIV1 Cj Li^j-1 1 J 1 1 (jLS 4 j' a < \ cb_s4 Jj uj (Jjijj-JI 

^3^3 .4jjLajjl cjLSb- 4 


ch 3 - (CH 2 ) 5 - ch 3 


400C° 


I 0V 4H 2 


ch 3 

Cf 


550 C° 

Pt 



Pt 




+ 3H 2 


4-uLajjVI jj, w^TI Lj^UiLdj 

jjl , 4_oLjajj^l CjLi^yil j ui La A I ^ L 4j|^*K t V I j^LajjVI Jl JLjILu^I Cj^LcLoj j 1 " «~i 

I jj oLljISJ^Ij oliiSLMl La_S> iaLuaVLi U 1 2 ~~ V 421%. 4 _>-jj^JLI J^jIji^JI 

. 4-C. j- a - ^ c- 4 -i 4_2L»JL> 4.1-1 1 jj-l 1 CjLc._j_*_>JU Jj» 4 jl £x ^ jj J_cgJ I (JIjl^j-uL t Jc. 1 2 "n (jrfrS 
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A ij .>ttll 


0C.L1ZS L^jLa 1 q A dauljj oLj_j^L£LJ'^Lj <*. nr (2 >£)-LlJI 4_21>. 

. (diLjj}_>u£Ll^J 4_jL^t_a) Cj }1_l3 ji^iSLJ I ^o-i-uJ Cjtj^oSLl^l (_y5 ^">>1 1 ItfJjJ (_yj-ll (J1iLl£^JLI 

CjMcUiJI <3_Lij> 

Br 

^"v. ^Lbti^Jl ( 1 ) 


4 -iAL>Jl ( 2 ) 


(3 + ^r 2 Fe Br 3 q + 


O +so 3 h 2 so 4 so 3 h 


ll l . U_ ^.i l iu jj-ci 


Oj+ R - Cl AlCl^ \ q \ + HC1 


(o-^l j£ - Jju^is JcUi) <KJ^I ( 3 ) 


0 * 


<j^l ( 4 ) 


HNO 3 H 2 SOj no 2 + h 2 o 


ljl-3 iJL>dl ljui (jyjJI CjLc_j-tia_j-ll £_j_uj «lt eLuj-iSJI <* ■ « 

* 

i—JUoJl 4_xiij 4-lL>. 1 JL .j,-d »~i j2l£t C-iLaj)l » a (jr la_Li jjl «^jU~ , .. < ^ ■ 'l~^11 I i A 

. 4 1 n 1 r\ V*i 1 1 4jj i>>«J t (. 1 j o jO I 1 ."X ^Jl 2 I J-jjJl 1 
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iuiUJisa-jvyi 

♦♦ *• 1 ♦♦ 


:£-)l jj-ur-l d-M 
4^Uaii : J..al^tl J.^ .Ml 
j ~ r '' ' • 1 c. d_l^j j ,itl ls> 1 1 1 

4 - i,,mULIUI : ^jLuJI (J<^i jJ ) 

■ >^W ; ^dLLII L j^-t lit I 

* ^uajl : *_uLU I dJI 
3jlj^»Ji :^uiLxII j^Jun jJ I 
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aSj- V 1 


z±\£l c I i 1 J^o 3 Lolc ^-jJ I 4^1 1 jj-lo l^-t 1 ^j-4 I l_4_ujv V I 4 _j_ci J JUlj 


# # t < t 
f*3 T 1 ^ ljL>- 5 j_ 4_ iS I ■ ■■ >• I lI<-|LS 4 -JjVI ljL>. aj-j i^si i ii vi (jin 

4_uljjJI ^SJj L^HS^-a- ol i n n a cjjjiJLli (jjJ 4-4-oljJ ^jS-4->3 . i_SI^SJIj 

JL9_a . 4S^_rtIiil (jJJb (_yi£. 3_^jjil (_y^J ol i i < n $ tloc—JLi (JjcASj 

Jjj i i nj . \ (}jl^ Sjj^II 3_a£. jj j 1 j m^Su 3 t j i la i I. U 1 . V 3_l_2jLa ^aLuo-VI 4-S^_a- (jjSj 

(_^l 4 jLj ,^-L-i 3 i 1 1 |t±n ->J1 . djl->~ ill ^>1 ki-vVI 4_fi^_r>- lc 0-L& LZLuuIjJ 

. jLl^u <2r'3la3j ij\j 4jJL3jjI 3Sj_>- dJ i ^ c ajLui (j^Sj 

jn 1 3*i in a lLx 3> ^ic iSjj-J I 

tj^Sj .L^U j i. J I JJJX-A dxiJl lwL4> .i d lLiS. fj ic ^ t«i ~i i ^.(.g.-v. (JJjjcSj Lo_1_Lc, 

X 2 ^J X| jic 4_t3^a £jja (jJ^rcjJ Lojic. 4 j .-Jaj-d j - 1 « " 1 1 1 jl- 1 31 d^jl ■ ■■* ^ -«-11 4j>JjJ 

.(4- 1) JSLill (_yjS JjS J>_i LdS 


X, Xl 

(4-1) jiLi 

* 

\ Ax (IjvIjVI ^ l-> » j Li-JaVjjj 

Ax = x 2 -x, ( 1) 

111] Lai ii_i^k.jil X j^e_a jjLaolj ijJ^ao Jl3 ^n-u, .-vJI (jl (j-i-*-! ( *11 jJa 4_Lj*.j^a Ax O-jlS 1 jli 

• L_JL J\ Cjllu-Jl CjJ IS 3S^>JI aLaol (jl (jins 4 jJL-u Ax CjjIS 

l^j Lo V 4 x.^_lj u Ja 1 ii^ia 11 ~>-J I IjlA 3 S^j>J 


V= Ax 


At 


(2) 


At — t 2 - t 1 


.(3) 
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J i n ii 1 1 


jl>-j (_$ jJl t2 j X| (jJj'iJI 4 .~ 1 1 1 jj_Lc. ...-»■ H ju>._3 ^jJt j-& t| j 

1 1 ijl At 4_ujajJ! 3j..~ AJ Us . Xj JuJl>JI 4_iL3^a ^^>3 oJ UC. < n-vJl 

• x 2 uJ ! x t t>* 

t-lAJ jJ V 4 j l-t rr 1 1 1 4-£.^.j.u I Li a , << i La i_3^ju Lluli} iX(t) 4Jljl^ ^ 1 1 u ~»J1 £jJo^>a i_3_^£L t'jlj 

: LiS 4 iL> -»- M I 4 ^ 1 ^-“-! I >_ S^ju j j ' " I 

V = 4^ (4) 

dt 

. <-li ) ^LkJI (m/s) l _ r 4 3jL*.j (jp3 LcSj 

: (1) Jli- 

u-<-m 'i- 4 U 2 j jLLgVL) LfcJuu j 2-* "<» i-‘j-~c-J “•* Cr^- J ,mU J --‘ “** 

: 4^LJl 

x(t) = 5t 3 - 2t 2 + 2 

: Jl>- 

• t~ 1 sec t — o VI 4 _Lx^j j ^ [ 1 1 . . ! i juu (I 

. t=l SCC J t— O <j*Lj 4 r J. . .. M i 1-1 a u£ua (i_> 

. 3 j^vl i 4_uIj >x*j SjL uu tLI 4 i tX 1 1 1 4 iT j JM t | ) _>- 

: J-Jl 

x(0) = (0 - 0 + 2)m (I 
= 2m 

x( 1 ) = (5 - 2 + 2) m 
= 5m 

V = A x = x i ~ x o ^ 

At t | - 1 o 

c 9 

= ~ --— m/s = 3 m/s 

1-0 

V = = 15 t 2 - 4t 

dt 
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= 15(1) 2 - 4(1) in/s 




= 1 1 m/s 

* 

* L*jlj 'i/ jj V V Lui) 

J 1 ) ^jL <-u T u >J I <jL} J^JLl LIjL^ ^-L«-ii->J I Lfijllcj 

J t it ~y. i u. 1 ^>a AHc^_i-u J J.HJ ^yir. ^jLu-uJj .(lLoL^ 

I ^jl ^2 .J ^1 LJ^“*J) £j**$ ^ j i.ji/hJ 1 ^-Li-1 Jjut_4 4 jI_j U l_4 

.,^L.-A (5) 

t") - 1 j At 

Ijlj .oIjl>.^II ^JjjJI ^lln ill (^jJa (m/s“) t n~H 3 jl>.j jjb (5) {y* Cp f '13 

: ^ US ^- jj d n J eJJ 3 ( j J a - T t-UI Pj l i n~ i ) 1 i_3^ju LljU v(t) 4j|jS^ i '^j «~ ^_uaoAl j , ., i~. i tS 

a =*— (6) 

dt 

J' 

a=-^- (7) 

dt2 

<laj>J J-L c. 4 j . n i il L 4_c . j 4JljJ ^j^/l 4 . i It - J u- l 1 j-A (jiUc-Dl Li..i.Jj I <jl 

(jouL> JUC. 4 Lcollb ^J-U SJIjJ 4_uliJI 4 2IAJ.I jl 4lii>J 

: (2) JLU 

". 4^M-»JLj (j^S UJ 

x(t) = — t 2 + 5t 
2 

, t — 1 sec, t — 0 ‘ ^^-11 ^ .i.i, I i . i u . .^ i ( i 

. t— 1 SeC JLlC ^ jl ■ ■•y 11 (^JLaJeUI ' . . .~ ' I i 

: <>Jt 

v(0 = 

dt 
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= 3t + 5 


JjtjJ I J.I o <i.! 1 


v(0) = 3m/s (i 

v(l) = 8 m/s 

a = ^-= IaI m/s 2 
At I 

= 5nt/s 2 

a = 

dt 

= 3 m/s 

. oVUJ! a i—illitj a 

uHt_iLj i .iTu u* ■ A- Crr lc aS I 

(_ T ic. ^ - J- lalLigiVl ol AJJ t-l~ M j«-&l {jj 1 i-lijLj ^-jl < n~ lj ^ ■ .■ a . t-> •»- ^ i . .. -v. A£^j>. Juu 

jjjJI f L .t > .VI (jj/jJu LoJllc. AfTj-^Jl IaL4 4 _ 1 A, I j ^ In'j .|»Lc (J*C i"i i 45 ^j_>J| 

• £r lr> i u t—i^ 7 \ 1 L j 4_ixojVI <4_u jL>J) jjjG < t Aj^acj i la ■" ■ ■ 

^.■Loh. ^ n 4 -C^_l jj * — > l -t-tk TV . ^j£LaJ AjlJ^ t^fL*_4 ■ .i"i 1-fl p I /*"<■■ d -W- ^ [f ^ i * it -w Li ) _^>o l j] 

(jylaju v(t) c\j ^ .c_^LUI JaLSjdl . Jj^L .fUjj t^UL^a J_»_i <S *_i 

>4 >l£JL 

v(t)= adt (7) 

.(JjalSllJI ^jJoju x(t) (jl J->»j fiJ 

x(t) = V dt (8) 

o 

. L^jjl^j f^yij t jj-ajJlj ^ ^->Jt 4ji JU Aji_>j jja t=0 (j-aj-Ji U* U>p^- 1 

: (8) J (7) cl2>UJt (jpj tott ^jL-UI (jl£ liUs 

v = v 0 4 - at (9) 

J 

x = x 0 + v 0 t+ — at 2 (10) 

2 
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v 2 = v ~ + 2a (Ax) (11) 

(_y.lT. & t— 0 JlIt. ^ j n.-OI l" 10 -* x 0 3 V 0 titO- 


X(t) 1 <i i.jj i(j^ajJI 4-Aait. p j ■""■■■ -a Auv (_ylc. 4 ^j_5eJJ v(t) ^jl 

(_yl«J.I AUj (4 - 2) (JSLjiJI <A^Lc. 4-^-^vIl (j^iAi! 

. l^.La Cj^LsJI (_^3JLJJ CjI^^LlH 



: 0) Jtt, 

I JL) I jl . 5 m/s O _) 1 . ' ii a CjjLj C-j' . .." i ^ 1 7i~ . . . a. ■. l-v (_yic. ^ ‘ ‘ ■■**- t * 'j -y~ i 

j-»j 1 q « n_i 4_h L ,,. lL I j j<i_i i ii x] I 4 -C.J-JUJ i 1 1 .1 >Li ‘ (J i^tVI ti U>i3 1 £jj& ‘ “ 11 

lijLj (j>s 3sec 


: J>Jt 
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u = u n + at 


50m i n a 


= 0 + (5) (3) m/s 
- 15m/s ; (u () = 0) 

1 2 

x = x 0 + u 0 t + at 
2 

= 0 + 0+ 1 (5) (3) 2 m 
2 

= 22.5m , (x 0 = 0) 

: (4) Jll« 


jLj ^jLcuJb i ii 1 1 le.JU ^ i 2 " mi a Jo^>- ^ 1^- i.i ■>» i-lly-rcju 

. I liJJj £jL-iU i— I . AiJljJI 4-uliJI 

v .(4-3) 


t=lsec 


t=2sec t=3sec 


(4-3) JSLi 

1 iy 

jji _i t-.~J x — Xq + Uq t + __ at *" ^ j.tiTli-uI 

X| =x 0 + Uq (1) + -ja(l) 2 
Xi=x 0 + 3) 0 + -^- 

= x 0 +f_ + ,\) 0 = 0 
2 

x 2 = x 0 + 2 a 

Y _ Y , 9a 
x 3 _x 0 + 

2 


: ^ A 4_jjLJ I <1 c j t-i a 1 1 4_3 1 , 1 I 
Ax = x 3 - x 2 = - 2a 
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50= ^ 


a = 20m/s 2 

^ Lu> SU I l_L> J ?! hi 1 1 

^jLtai-u ^-i^£L^u_xi da. >. ^lc. I ^ Ir t."ii lUlll j<ut) I <^^3 4_S^->J1 ^jJLlI IjLA Jlu 

* * 

LuL Lc.j1_ljjj d 1 1 .m^ a 4_ujl_>JI ^-pG 0->o ■ ..^-*^1 i ( 1 j -»-~~ i<tJL>Jl <JJ US) .CjjIj 

■ <j-a i— )^_aJL) g 4-a->-3j ig ^-a^JLi 4_jj!iL^JI ^-jL-j-uI) 3“°>-L-u_j . 4-jJ jL>Jl ^jl_«.a~i 

* « _ ^ 

4 l ~w: i (^u i . i _ i ■ rt j ) t ii I* -y-i Jl^ g 4_ a -c3 (jl ^JJ 4_j_i_ilJI . (9.8 Ill/s ) (^_!l 

■ (j-aj'iH ^ I t m ^LojjVI jlj La l £ (Ji g 4-a ^ A 1^)1 LS ^ It 1 .1 Ly ^- (j 

* 

J-iil I j 'a i o 41c. ^-J-uaj ^pG- 4_iLa ■_ r L- VI ^jJJ t- i_jjk3 Lo ijlj 

.£jL-ujj 4jL3 ((JjL^iVI jjJJ) (_p3jVI ^tn>JI lIt I jl Lai i^Lajjl ^ .^al 

‘ I ( _ T ic. T t - j . i a i dS ^>_>JI djVjljL/a HjIj 4ojjL>Jl &j 1 . . i~ jjl La-ij 

u = -o 0 -gt (12) 

y = y 0 + \) 0 t— L gt 2 (13) 

2 

\r = D 2 -2g (Ay) (14) 

.a = -g Ltijuajj .dijjoJl jJ-^-a ^4> y djljLi^aJI j_jje_a ,j| 1 tL_p- 

d-C. y I j i ii I j 30m l g C LojjI Sjl_a_c. ^ Lr , .. ( j - a ^_se_». i a ‘i a ; (5) JULa 

: I . [ Om/s 4 jjIjujI 

• jcaeoJ! 4_J] (Jj-axj ^Lajjl (jf -ua3\ ( I 
^.iL-w^ij La-UC 4 £.j_uj ((_) 

.g=10m/s 2 jmc.\ -js^\ o^j^Cy^j 


n 


y n = 30m 


y=0 1 


u 0 
-g^?l 


a„=10ni/s 


t 


! 


a: 




T 

L 


(4 - 4) jslui 
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^ ___ ___ J‘-^ ^ T 1 

•■ J>Jl 

U=0 (j^SLi ^LLjjI ^j r x^C a i\ jlLc. ( I 

^ 2 = V2 - 2g (Ay) jj j 

0 

: (j I j_>«j (4) (J5 i~i lj^ jjJj j. l-> 1 1 ( ' j 

h - y () = Ay = — = J-^- m = 5m 
2g 20 

h = yo+5 = 35m y& ^LoSj I <<->4 i Cjj^i 4_ilc.j 

* 

4^5^-*-!! |»l - 1>* ■ ■• 1 1 1 i^»_i I (<_j 

V 2 = V 2 - 2g(Ay) 

0 

: (jl I »y — 0 ^ l-> >.u jlLc. 4j1 LqJc. 

Ay = 0 - y 0 
A y = -yo = -30m oM 
V 2 = 100 -20(10) (-30) <uk.j 
= 100 + 600 = 700 


Vq i.. 4 ij ) '4 fj^,i h i < n* i a , ..vi 


. JAxJvi V = 700 m/s = 26.4 m/s 

ij-oj 4-il I .»>J (^v. 

V = V 0 -gt 

-26.4 = 10 - 10t Cj'A 

t= ^-sec 
10 

t = 3.64 sec 

<jl_£ al_>AVI (jV V= -26.4m/s 13 ^ y,^ l Ll*. 


JUJL>o t i pr ) 


yxli = +l()m/s 

(i^LJI iJL>JI) uju 

l-fli.. v l r j « jL*-jl 4 _i5Li (_£l jMjAJI ^ ii n . 'v . dij. -a-n (2)5 c i »j»Lc. (JS>.Juj 

r (t) 4 ■ 1 l^yg 
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r (t) = x(t) i + y(t)j + z(t) k (15) 

AAA 

. z, y, x jjLrwU ol_&L>uVl i, j, k i L - p - 



- A A A 

v = u x i + x > y j + u z k 


Ux =A, Uy = ii, Ur = dL 
dt dt dt 


(16) 

(17) 


: 4^>UJL 


T= a x i + a y j + a z k 



a x = 


d\)v 


dt dt 2 

„ _ di)y _ d 2 y 
a y r- 

dt dt 2 
dt>2 d 2 z 


(19) 




dt dt 


ijjjljJI cjUjjjJLLI t a a i^j) *< i ii « (ji (_y ic, li yJUoo 

. 4 a k" i 1 1 
CtlikjiLuiU aSj^>. 

jjxHjj . _Lju f_j3 4f> ^j>Jl (JJ ic. 4 *> {j 1,1 iilLoVI ^ya oLfJjjLdJLl Juu 
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<1 j T I J .^i i tl 

d^JI 4_ajlJLa JU^ij * • tlfljVI 4_ujL>JI jJifc <-. -» .“ 


a = -gj 


i ’ t 

IjJj— <•.-£. CjljLt-ajl j^e_aj (_>x3jVI ^ La ■ Lijlj_a CjLlj—uiJI (jl 1 ‘t ^ • ~ r I Ijlj 

: Up 9 (_P°J^O “ < 

a y = -g. a x=° (21) 


r S 

i2j^.jL*_a d iLl£ ^SLcj d_jLil <L)l_>Jl a LlLj c-j t ..." 1 1 (j_^SU I j la j j 

: (jJLUl ^1 


= ^() X 


X = X 0 + u Ox 


k } 

Vn,t J 


Vy = U 0y _gt 

y = yo + u oyt - j gt 2 


d .i j J— HU (^yjljJLiVl £3 jJ0j d_Ljl jGjVI d_c.j_ixJl CjLi£^a Yq, Xy, Uyy, D x y 

. ‘ • 1 1 j ~ 1 1 


j 20m ' » u d u % i . tjg. Cx 


• (6) jli- 

t * 

^l~i i ii (j^iIOm ^Liijjl Lixost i*iV i ^ 

# 

. L^M4ajl ^Jaj-a 
^L,jjl^aia Jyaj La (l 
Sd_ul_lu-i^l S^SLII 4. C-j-lm La (i i 

• (_)x3jVI JuLc, L^lc.j_txi CjLS^a JJjv 


y n = 10 m 


x (4 - 6) J<LiJI 
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: 1 jlj-xiaJI 4-4 Ju Juc. JL>o (6) j-o 

y 0 = 10m, x 0 = 0, v 0x = \) x , \) 0y =0 

y=0, x= 20m ^jV I l^J^j 

: 42j^Ll3I ( I 

y = y 0 + yo y t-— gt 2 
2 

2 sec = 1.41 sec 0=10 + 0 -— (10) t 2 <±^o- 

2 

“ ^Ox ('-r 1 

X 1 "^Oxl f 

on 

= Uox = — rn/s 
1.4 

= 14.1 m/s 




V x - D 0x = 14.1 /m/s (^>. 

dJa^Uil > n I LfJUjJj "Uy i- ) l . .."V- i ■ -y ' 

\)y = \) 0 y * gt 

\)y = 0- 10 (1.41) m/s 
= -14.1 m/s' 

• j_>13>jVLi Sj^JI I . v t-i i<->l <c3oj>J \j = 1 .41 i - 14. 1 j m/s 

d ^ l\~ ~ 1 1 djjjt jJ! 

u> -Xjvj * LjLp. 4 -£jj>JI ^^lc. 4lLs^l (j _o 4 a hi ill 4jjjl jJI 4 -£j_>JI J_xj 

* * 

4_3el) Lilli Lc.jL.lj cdi l a-i J JLrc^a |_£jjI_ 3 jLi.nd .l-»j -»■ * ^ 1 C 4lilj L~ j . ■■ ■ - < K i ^ . .. -v. 

l^J-^J-0 \ ~ L.ii .1 1 L) ^jl 111 i l l llUi J j l ^Lt-LA-fl (_ylc. LiJj *- " I {_ylJI 3j_jl jJI ySj—C J -»■ I 

:5i^L*JLi 

a c =— (24) 


87 





yJb l .<1.5 jL_l* 4! (jjjj < an~>\ R J I II -r.U 4 j < ,/L rJ . I 4 c j . ..11 


D 



: <£^L*JLi «j_g T 3 jj_j jjJlJ ^ cr^ (j^JJ 

T = ^ (25) 


D 


■. ( _ 7 -a f u -> J 1 l_us d£jj>. jjjj (jl La£ 


f = — 


_ V 
2k R 


•(26) 


: (7) JHa 

I jj R — 1 .7 X 10 m t.3 i.n'i i Lijj_ 33 jl jus j * 311 jjJu 

: i_ -i- c i o »lb 27 .5 days (_£_jL_uj ^4.31.1 (^jjjJI Ul i~i a liC 

. I ( I 

4r.jLaij (t_i 


: eM 


T = 27.5 days 

= (27.5) (24) (60) (60) sec (i 
= 2.376 x 10 6 s 

: jji ju>o (25) ^l.i v~ i .j L ij 

d = 2jiR 
T 
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= 2 M lW) m/s 

2.376 x 10 6 
= 4497.3 m/sec 
= 4.5 k/m/sec. 



= 0.0 12 m/s 2 


1— i-u CjLilM— *JI t^Li>i ~>-Vl lIIj ~‘~ l * 3 _f 5 (jVI Li-al«"i j_2J 

^ i'o j J— Sj . <3 j-£i lZj\ i i I . I V ^p^-o-Ti.i J .if- 

ISLuLSLyi 4_i_uljj jujlj 2jM 4JI d m > 1 (I. Newton) l> ■ ■ Jj ■>■ ■ ■■! 

: d j 1 1 0JL 4 'J ~»- 1 > ^ Lg-l3j . d [C I . . . *vt *C 1 1 -v 1 ...--VI 

JjVt -1 

dujL) d-C-^uuJ d£ J _>. 2 I ij j)5 i u d jJ L>- <J A £L (jAA? 1_5 ^ ” (j I cA 4 - (jj-iLdJ 1 t JJft (jjaJu 

(^4^- *— 1 1 ‘ij 4-i "1 1 ^jS> 1 i uy . VI (j I Juljj . « 4jJ L>. ^j-a Li- 3 d il<- ^jJ La 

.(j^jLail ljuk 


4 1 1/1 -^-a L-l^A 3 *— 


•ijjtiii (jj^j -2 

Lll 1 n _ *w (^1 ^-jl t . n~> » jjt cA 41 (jjjL_3JI Ijub 

* 

■ « 4-~ilu£ I j ,.Sji a 4 
* 

: (JSLluJI (jA 4 - I juft ■ . Lxualjjj 

F = m a (27) 


^■jl.iu T iJ i,,m > F i i - <^c. m 4jiaS ' <i _lo- -v . * SpJJU 4.Ltf> TT.a F < 

.a djl 

jjliji (jjjjj Ojjti -3 

.((oL^j^l ^ jljlill jLul (Jjl 3 Jj (Jjl 3 JSJ» (jl i; Ac- j^jLaJI I Juft (juaJu 
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4 A Ci llij I p I , ,, a 


— - - ^jI^ji i 

: (8) JLU 

* 

Lr^“ <j _^-<“ 1 1 {y> U Jj 2kg <Ck£ tiJ 

i .i~>JI i_dJj ijr ln s^jJJLI 3^iJI Lo .^rGjjLj j>L>. 20m 


i^l jj-~ i iiLja * a ^jLn-ilH i )L<-u->J 

1 2 

x = x 0 + \) 0 t - — at 

2 

1 7 

x - x 0 = U 0 t - -j- ar 


20 = 0 + 0+ — a (2) 2 
2 

20 = 2a 

a = 1 Om/s 2 j 
F = ma ^jjj 
= (2kg) (10m/s 2 ) 

= 20 Kg. m/s 2 
= 20N 

N = 1 Newton = 1 kg. m/s 2 

^ # 

4- j -Uaj V 1 4jjjL>J! i ■■ .. i ^ ji > 1 r_j I , .," < 4 i <jLfl ^ < ■ ■■ ■ La ■* - ■ ■ Ijl ; —1 

: 4 jl<r. 

F = W = me (28") 


* 

i_4^j LLikj 3- x - 1 1—nji.J 5j) it'I 4-„-*r ,"~)j ^ ■■ . i_->> ! \ sl)jj liJ W i!a i -v . 

• g 4 aj4 (_3^LlL>.L) L-illlrtJ (jjj O' cr^l d J 1 , ~‘ J I 

fi 

(jjj (jl Lajj t 4_t_i3l 4 -!jLL> 1 <i i ii a- i~i t li] : Jj _jt Sj^Jt —2 

W (J'jLi-oj SJjLiajl ^lini < _ y ic. jjlj ijJ^L-uVI J-Zz-i mg ^.u_->J I 

^4> mg jlj_HI (j'jL-ijj Lr LiS l l (_jJ| N 4 jJj ^ r SjJLj ^<.1 ->JI Lr Lc. 4JjlIaJI 
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US I LUtj ^jLu 3 V Sjn-SJIj . (i 4 ■ 8 ) JS-iiJI 

a N ■(‘t 1 4-8) JS-iiJ! ^ 


.• > » , *V i «‘« 


(4 - 8) JiiJi 

^j-<a >laj \ JLA ^ 3 1 ^*r In t n ^ 1r < In j V ) < *> ~w U| : JL o J \ "~3 

ljL& ^ylc U 3jj£) ^j| LiJJj *4 S^_>JLj IJLu ^ < it , *nJI (jL^ 

» (4 ~ 9 ) ^JSUuJ 1 xju3^<3 yj$> US T jlcA l 3^3 3^_3J l o 




(4 - 9) JSL4JI 

. 4o2u_>J I Tjj In j.hJ I ‘i I Jl ig. ^ j 3) 1 o J-A j ^ -*■" j : i <1lC ~ -wVI ^ —4 

* 

o jut .v «3j i L ojI i >J I ^L>ol ,_jjuSLu i ( tlC~ -wVl ^ ^9 j i*i i " 0 L>ol 

‘.ill r'Mj . (_j>3l^_C.J t4_Oj) q.oJI 3_jJl]lj 4 . .1 a_*4 " I I V-. . ,.11 d m I ^ I r |»Lc 

:^L Ls£ l£JIS4^VI 

t 

~»~~j f«J_9 Ll?Luu L;r 2j-3 ^-i.ju. > . 4_ljjLja 3^3 lZjjjI IjLa : (l 

.4^^LjlJLi ^ Ui~ ^ . .. i ( 1K~^ 1 5 _j- 3J «-■!>> -» - < <jLa 

F s = H s N (29) 


— * — a ( _ y d .L.i j ojL) jji |l s i <j jj — a_ i J I 3_j_3JI N j (Lr j^LuiJI iillfJi ->-VI SjJa F s tiu> 

^ISb-VI 

5_j— 2J jX-i Ja - r tj djLi i " !- •> » It ( _ ; r L c ’ ^ • 11 *>iJ IjJ : ^ ^ -*JI i <tl <C“i V I 3 ^j_3 (i_j 

: ia^L«JLi (^^^>41 iiJLSJL>.VI 3j2s ^£.ju 43S^>- 4L>o^ d . .X I « a 


Fk = M k N 


t _r A > ‘if CjjLi Jijj j 1 4-j j^a-q_«J I SjJill N j =«-J I efJlSjLvVI 3_j^ F^, 
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’■ 6’ lS' Mk 0-* Ms “W- 3 ijP 3 

Ms - Mk (31) 

* 

UjUuj il lLo d ijjJ^-jlj jl 1 .1 a (jr-M- '~-^J— x —‘- i f‘ 4 “ l£ 1 (1)* - 1 d] : Sj-dJl -5 

: disjL*JL> ^ U »j F c 3_^2JI jl . v 3 aj ij£^Jll jstj 

(32) 


F c = 


rmr 


R 


d_LA jJ_ua_a J U JU > o Lo-ilj ijljJ 1 - 1 -!! a 3-*-* A 1 A 3_j_dJl dL_>ol (j_j£jj 

. 5 j 31 l 

. L&^-lCj id j j n_jlr>Ll«Jllj <jjLi^£LI1 (_£j_oJIj d_j &jS I d_^3 (JlLa ^ j 311 1 \ r a oj-u^ £-j jj I siJLLsj 

* 

. LJLv 1 i~ , nlj j ujJs 41jIHI 311 1 ^.~ j * , ,ij 

»(9) jia- 




i dii j-C. i 1—3. 3 -oj Ci.i'u lilL-n d_iL^ } ) (J)lt A 5kg d ~ iTs ->- 1 i . .a j 



.(g = 10 m/s 2 



: (jLa (j£L_u ^Llj-oII (jl Lu i(4 - 10) (J 5 i ~ i l l 

T = W 


= mg 
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= (5)(10)N 
= 50N 

JSLiiJI ^ 4 ^£> 1 a < 0 4 ' i <a 4jjlj ^ j . i ! lov. ^ ' f- IT1 4_jiiS ~> - 

. 4ojIj 4<~.j . .i i ■ ..VI j^JI ^<v^u_>J I Jpj-il I jt |J. k iiJlSLl.-i.VI (JjaljL/a (n~wl . (4 "11) 



: JaJt 

* 

Cjl Sl > -VI 3j — 3 I ^_j — >.l_j iN jJa — aJI i W 4ojj ijr Ji jOj-o_>J 1 (j-lc. 3 ^jJ 41 |jjj HI jjl 

J_iUl ^1~> < nil L<- & jl j »- I ^jCLS^-a ^yjl 1 <ll->- jl9j . (4 - 11) JSLcJI 5 — *- . ~.^j, 1 1 
oj&i • mg COS0 (_£jL_u3j (JjLLI ^.La mi l ,mg sin0 (j jLiJi j 

: J*AJ1 

N = mg cos 0 

: 4isV-*JLi fj. ill ISjL-v. V I aj!kj 

f k = Mk N = Hk mg cos0 

4_iSj_d (jl (_£l i j ~il i ."i 1 1 Ljl i ii a (ji^SLj 4_C.^l i <iJ (jlJj 4L1jIj 4 . .. < .. -i J I |jl Uuj 

: 4olc.j ill IS tcv . V I ajlk (_£jLiuj ^Ln a I J 4ojl^JU 

)i k mg cos0 = mg sin 0 
|i k = tan0 

.(11) JUL. 

Sj-ill clots' 1 jj . 2m Laj U-4 i. si , , jjol j lL-l i ■> . a jjJLc. 1kg 4i 1~ S ^ 

LiUj 4^.^-uu » ^.■->-1^ 8N i 
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j 1^1 >i 1 1 

: <>J1 


(3 1) .) , ,.l i 


F c = 


mu' 

R 


u = 


/ Wr 


m 


_ 2(8) 

“ f—r 


m/s 


"0 = 4 m/s 


tji 


■ tfN- 4_Sj_J>JI 

u-ilaj > ^ H 


Li> c < u 4_£^ „ "y- i 1> I 1 — M il . > » V 1 4 „ i u I j jJ ^(u2_ilJ I l J ut ^ ^ ^ ♦ 1 

J ^J-l3 ^ >~- ^ | |JT -j l ^ 1 .^1^ Lj I .-I L u > >U ^M>vJ 1 ■ n . ■ ■ t I ^ } | ft m imH 

. 5^Lual t d a lau 1 1 1 4j^u1jJ1 4fij_>Jlj 

\ j’N'j 1 j ' j n*C ,~.l i 5 ql 1-> ! I v j i t-i j a ^jLdjl (JuuauJI j_yii5l_LL.ua 
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4S^_>JI 

X — 10r + 5 <£^L*JL) (jia-t-l <«-Ls j^a (jl^ X pj ^ J- DC - i i • 1 ^ 

: i_i...,...-vl _jjJL t 3 jlLaVL X 

. t— 2SCC J t— 0 fj\j t L i .1 jIa (| 

t=5sec, t=lsec jJr. 4-J^ti!l (<_i 

. ^ j i n ~v JI y^j L 11 i (_a>- 

: I . I OOm/s Aii^uuj j LujjIj 4j-oLloj i ~ . 3 I U ( : 2^ 

-iuoLua^Jl d_Jj )J ■ ^Lijjl (j oa 3| (I 
,^Lajjl ^LJ ^j5UI (VajJI (v 

. A.i^> \ (jl^tLa Cy^j (->■ 

'. 1 — . ■ .. -w I -jj.ViVl 30 L&j_L 3 d_ial\_i 50m/S d_c_ UJJ 1 ~ , , 1 1 1-1 1:3^ 

. (jjaj (l 

• 4JljJL 5JI jjjUll A-faibVI 3‘ M ... 1 1 (u_) 

.20sec JIH-i- 72km/hr l f, cj c^L ^jL i ii -u (\>j 3jL_j_4j (^LLaJj : 4^ 


. 3 J L * > J I f-J LlLj ( I 
>1 3^1 1 1 ii \ I j t I a^i ^Ull <sLJtl (i i 


.72km/hr l ... 

(■■ il a ^a .J ^15 Ij] ^j .u.a i~ i- 1 1 ,J_^>. 1 t _ r 3 (_paj}Lt ^j L <.a ~ , t l_g j 1 .1 3,.a Lo : 5,_j^ 

$1.5 x 10 s km jIjl* 

J-i La .5sec J-*-> 4_^a I ,i.L.i..al l 2 j_j_us ^-a_<-uj a 3jl_a_C. (jr Lil I ^wa ^_pc_>. lI-\3 ...i ; 6 

.(340 lTl/sCC ^J3 nn 11 ^ r j 1 “ j y r ^ ) $ 3jLqjlH 

f * 

.^wa^JI £-a (5kg) 4_i l~ i 5 i ii ~v- £t_C.^_iai £t'-> “Ls^LtJI LuLu La-t^ij (^ru u : 7j_y/ 

. D, C, B, A Cjl^ILdJl j^yja ^ 1 n-> Jl (jA^- 3jJL)l jl jLa : -■- 1 
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J . -■ 


S jSL ] I CtU n i ii I jLa 

4_u!jJL)V1 4_g.j, i ,j 1 1 



t (sec) 


^j-c. (1.5m) L^c.Lajjl <UjLLs <LbL>. 5 : 8(j- 

< <_I.U.~>- 3JjLLi)l (jjl 2m d'q L.^ a JL*_ij tlU^i . ^ lr. 

. cUjULJI 7f-Ln-<..w 3j£Jl Lgj CjjjLc. 
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iL-aUaJ! 


(J inrtfl 

22\ Ia)l 


i j) a i ) lZj! i i 11 (_)« xj {j o 4 i4_BLLaJI (j_JJU 4 1 <i.a j j f a-L& l-£. S L i -> J 1 (jj 

* 

Jjt iiuj IjjLa 4’aLLJL a juj cl jui£ ,j(j-»j>J1j (jLu^l 4. U t" . , m4 

. 4_i jJ 3 _^bjjJLI 

!j\ 4^1 1-tllj .Jjj-L 3 juu l.^.g.1 ^ J ,jSL<u j] . 4_i cj^_JI LuLp- tJT ^ 4Ja_jJLc 4SLL 4 aK (jj 

* 

!_jj ^ ,r<r. 3 1 ^/_jl 4 j*U i r~ (jLijjj'i/l (_j ^ . ..1 _)Lii^ . c Liji I e_jjuaJlj 3 jl J-Ovll (j-a . ^ a~i i u t 

4jalJli i^jJl ^LtLxllj j~i ? I Lc_A SJaliall (jlj l c 4jjJ (jl^ JLiiJ < '_ i 3 a (J i (^1 4^!_Lx!l 

(jJj i— A , A 4_jj_3_>Jl I d Ujl Ji a XII SJsLLaJI (Jjj-rr "I 1 j a J -r ~<.i .il I jtiJI i n mi" *%l ^ 

, . 1~> 3 i I \i jo-aigj I j (jj i ■ t~. H jLiJI t. 3 <." i. ~&\ LiUi Juuj i4jj(^->. 4^LLs 

(__y3 i— 1 1 <— . (j A„«_ a (J » a r. jL>ol (_yic. 3 j i 311 L^jLi 4^LLsJI i_cu^_aj (j£L<u 

d 1 1~ ■>. n 3 a i_i"> 1 1 (jlSLuii ^ ic~. .j ■ ■-» -i n 1 1 a 

JJuJJI 

b*- (_Jju.AJI (jjjs d LajI . 1 3 g <!sl_ujL>a (JglLilja (j\jua ^ ,<.n ■>■ F 4lblj 3 jpi Ijl 

: S^jLtJL) (jUij Sj^JI ajjs 


W = Fd cos 0 


(1) 


.(5 ~1) (J^.i~ill (_ t s ^jud^a Ui> d <L>.lj'i/l^ F 3 j a 1 1 (ju ^ a 0 I** ' 



(Joule) (J^>J 1 ^.l la i j l 3 jw»-j(Jl killj a < njj N.m (^yJi (JjL-idl 3 jlJ>-Ji _3 

* 

: (jl (^1 iJ Ijl it-il-vl l^J 

1J = 1 N.m - 1kg m 2 /s 2 
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I jl j»Lc, J 52 . 2 .1 j . LJL^ ji 1-t A . j-a (ji j^SLoj J ». j JI (jf ^~i~ lii.j ( 1 ) 4Ja5L_«JI aj 

ijljj 4 l-i i ^ya c*j>o ^-u-4 ^ . 4_>.ljJ ^UH (JjLiiJI jjli F(x) 3j_3Jl c-<-iL£ 

: 43^L*JLl (jUtj X i^r^ 1 ^2 X| 

X 2 

W = F(x) dx (2) 

xl 

£-LjjJI Zj-kj 4_ijjL>JI oe^k J2xi 4_txJnJI (jji Oj^uS J I S2. 1 I cLJLlAj 

. Jj-il jL>u! ur^l jjLS l.^.t.4/-, >. a . tLlj^SJIj f.ULIj 


: (l)jli- 


F 4_IjLj 3^—3 4 1*1 1 ‘i t ,Q ( ^4) 4 ( 7^-2 1 u t r 5 m 4_ii L . ,. a 1 Ok^ 4SJLLS ^ 1 ' “ *>- i 'i "y . ii ) 

^-a 60 L&j I ,j-3.<a 4j^tj ^ '< > - -» ' oL>oL) 50N L&j I .i 3 a 

: 4j_n_u ^ jJ\ J 2'J 1 Liiii*>»l 

.F 4jjIjJI 3^2UI (I 

. ^ . j ,i,.i-- > J I ijjj 3^2 (t_j 


.4jJ^<U(Jl 3 j 31 1 ^ 


: J*Jt 


N 



(5 - 2) jslui 
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4-3LLUI 


d "i I "i 1 1 Jl i 1 ^jdl *1 \ I (l 

\V F = Fd cos 0p 

= (50) (5) cos 60° J 
= 125J 

oc^i 4jj_u (J « i-uJl (e_> 

W g = (mg) (d) cos e 

= (10) (9.8) (5) cos 90° J 
= 0 , cos 90° = 0 

4 -IJ^jUlJI SjdJl 4jjLiJ (J » I ~ | ' I (^ 

W N = Nd cos 0 N 
= 0 , 0 N = 90° 

: (2) jcu 

F < ^ F (x) — 2 x - 5 42 )M-*JLi u - r x j -* a (_).<> « i 

X = rn-^ JI til j s x T a L aj i .i c . SjpSJI 4J j_u ^jjl JiAJI ( . , . I a -». I . jLLa^lj X J (\j Lib 

. x = 6171 ^] 1 m 

: ia>UJ| ^ . ..I : 

X 2 

W = F (x) dx 

= 6 (2 x -5) 

= \x 2 -5x) 6 

= 10J j 

2taLLsJ1j JJLUl 

■ ul^ ^ ciljLi m < T i l"^ i .i-v. Ijl 4 J i j ^yi l . ^ I i 

X>] =o?+2ax (3) 
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: —III J aJjUJLI JJlA LL)j_lUi I jlj 


1 2 1 7 

— mu; =— i- mu , + max ( 4 ) 

2 2 

: jjt> 4 jjlii ojki ^ 3 l_LI I JJLjJI j F = ma <- < 


W = Fx = max 
: ,ji jl>o ( 4 ) aJjUJII (j^J 


W =— — mu - — - nrq (5) 

2 2 

- * .1 2 

: _ajJI ^I kll l <L<-ul 4 a ,jl mu“ jl>JI t •>■ 3 " |jtj 


[— 1 — mu 2 ] = kg. (m/s ) 2 

= (kg. m /s 2 ) . m 
= N.M = J 

K 4 J 9 LLJ\j L^-ua (j< ...- <j-\JLaLL> ,j*j , 3^-111 (jx. SjLj-x jx ( JJL 2 J 1 ,jlj I jj 

: jJSLilJI (_jix 

K=-J- mu 2 (6) 

2 


: (_jlc- (5) 

W = K 2 - ( 7 ) 

; (jJj La l _ y ix jj-qJuj cLslioJI J (JJLjJI 4 -jj la.lj ( 7 ) 4 ^^L*JI j 
4IL3LL3 lJ7 h j j *" II i_£jLcuJ rt‘i Jilu LaJUC. u y Jj-tl, (jt 

i^y a 3^> J « " a 3^_aJI (j_j5 3JL*. 4-i^IaJLll 0juS) <jl (j) 

. aL>ol 

: ( 3 ) JLL- 

Cj j r>~, 3 CjLlu^JI ( _ y ic. ilij t 3 j 1 kg (jr lc. eh 3 -)-^ tj-° 

. 10 m/s (jj] 2 m/s t y a <ux^ 
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4_5LLaJI 


. a ^ a I i i * 11 1 aIlIjj I i * i ii jV i I 

: ^jl jl>o (6) 

K, = -i— mu 2 

2 

= _L (1) (4) J = 2J 
2 

K 2 = J_itu)2 = J— (1) (100) J = 50 J 
2 “2 


(7) ilMjJI 
W = K 2 -K, 

= (50 - 2) J = 48 J 

d3 lixll 

1 L^i £yi daijitya (JISLiIil ddl UU 

; | ?, Cu (j-1^ djsLLxJI eJJt j t E d j*\ „K ill djaLLxJI —1 

i_j -3 ^ a-Uc u- > JI dl£ i— a f«a) J-uaLs- l_£j| : K du^^-aJl d2)llxll (l 

* 

; JSLiJI jlc, i'Ci LuloIjjj D 

K = — ml) 2 .*, (6) 

2 


• <^Clc.j^ljj V) j pj j <i>J I 4.t£ m 

pi I g J i M ~i^ i d_aLLxll L$j| ljJ-C. dJbLLa l «!j j : U dJsUa i 

^jln~ i , n j jJI (4 » .<. ~ JI jl jJLoj £jla^JI d^LLa j-utuJ I jljLxo <d2JL>- jl a . < >. j d » ■" i 

^,1111 d l~ i.. fl S’l j_a-T £-j2aj (_y-!] Lyjtjui-jl £juaj jj^a 4-11 li" >1 tLut ^ _i . ,i ->jl dJj-_Lj 

« * * 
dJl_3 “4a n i m jl ciJjJ IjJ ,_yiaj^l {j£. (]/uuja ^4—ajjl JUC. Ll^l—uu 1 ^ ■ ■■ >. jjl 

h l>c i .i l l ^ya in d !il~X ^ 2 o l > . i. l-i cum l jLs .(d_j£^>» SJaLLa dc.^-i-» <. . . ..~C i 

1 2 1 ~ 
j _ * * “ ^"\ 3 -K — — mu oj^-* J- ^ 1 ajJLc. d_j^j_>JI dlLaLLs jLa ^ L-> - ■■ 

^ lj I. ic. -> JI <jL£ LajJLc, £_ua^ dSUa i * 11 " <1 i (jlii ( _ya 2 VI_J 2 ~*~ u ~*4^ (1h° 0.5^4^ j»lIajiJ! ^jl $-£> l < 1 1 j 

• p j ‘ n> Jl Jo^a i a *Lij| dj^y^. d^LLa j_yJJ djpiJLl ddl till a i a i - . i j 1 id . ,. 
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4 j 4_ib>l_»_> 1 ,j i>T j j i% ~ I i jjSLaj «. i 3>^J ' 4-jslLs ^jl Ll-A jJL) {j-&3 

4_^LLs ^yuS^C. (jjic- dJjj 4_i 4 i 1— >- 4_i.iIaLjj 4 _!s^Ljlj ^ U> «" £_^3j 4^LLs j»lla_) (_J£LI ' I jjj 

. 4^->JI 

; La-Aj ^ * ■~ l j ] I 4 J 3 LL 3 ^ a jj ' i « 1 • ■• j rt jjLaLLaj CJlL* 

^ la - m h (jr lc. IT1 4_lll£ : 4 ujL>JI 42aUo —1 

*. (jr lj La£ 

U = mgh (8) 

(^yLi |Uul> ^■ij’^jJI ^Lslla C-Sj i~i r. 1 cU,Llij 4 1 (oj^l 4_ujL>Jl ^-jLtuj g <*•■ o- 

. j si 1 \ l ^ j V i ~ »- 1 ~i . .. 

4_^Ua jjUi ciJ^^-j-jj ^ U '• s. i j|) >iq «, l A jJ i c . ’. i-iij—j-ij (jr ^ 4-j ij_"t_->J. I 4 J 3 LL 5 — 2 

jt) . U j « . '-. 1 1 cJj—ujJI £-^oj 4al_Laj 4 ql U II 0 JL&J 4_j_3 

: U£ i_bjjuj 4 ^ 1 ti n 1 , 1 , ,1 1 j j ,~. 1 -> 1 . ~ 1 1 (2ajjuJ.l 

U = -— kx 2 

* 

^3 j j « 1 ! I jljJSLa 3? 3 ^ 1 *' * ^ 3 1 L-^-'v^a ..l il a 3^3 CLoLj k *"■ ■ ~»- 

jj_o 4 < 1^4 J_j, tLul 1 4. 4l UH 4 jj^JU » . t's> 3 4_SLLi C. 4 '‘i <i*^l (j-oj 


: ( _ J Jj LiS 4 iKII 4 i*^ 1 iLCqi 4^LLaJ| 4_iic.^ 

E = K + U (10) 

aji ri^ 5-3 1 ill C i a — V — »-*i 1 I jl (4jjUj l j "1 o 1 4 ^ I ) d t\ j r ~ r- r, 4_i£LoI£LjJU 4_3 1 1 1 3 

(^^LLjVi (jylc. (jl m i^l l—^-±5j—C. 4-3LLa 1 3 ^s-Al J-& IjL&J t 4 j <na j^iil 4 alt-ill —2 

4.3-j 3l_L>Jl Ci aJLj-ilj ~»J I L&'i/jJj 

j i '^11 j-'i-- i^i ! I ^v,-«..~i 3 al_i_>JI ^ ^ '■ a .v q " ini! L^lallsj ^3 ‘‘ j ~ | t 4_>-1 _%j c i l til l 3 

sLi_i_!l 4 1 1 « ~4 4 i i 'y~>j 1 pj *\ ) 1 ^ , ,, ^ 1<~ 3 4 3 jJ.! 4 al Ui U JlSLilri i a ->-] ^ . , . i \j ! I 

* 

43 LL 1 JI ‘ 1 ■ 1 .1 i ^Luat I 4 —ijLII CjIjLiH 3 ^LjJI 4^1 L>j CjLiJI (^^3 
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i_3LLJI 


* Li J * L 1 Li 1 L 4_ ud UJ I 3 I ^3 ■"' j I (_ f. i £ j3 oj J o * - — 4 j * 1 4 j j I^j>4 I 

.^Uj 4UI 

^La ij i<->« II l jljs 3L^>- d^il U 11 jjLiii c-L^jLjuoi J-a a : SJaLLiJI —3 

<^LLaJI lLLL >— 3jj«jj i_3^-aj . LiA'J 4aLLa L^djJu ^IjI (j- 4 l — ^ 

. 4>u^iula L lUIj cLj-^SJI j_ r L^ia *LLjI JLz u 

jVaj I (3 ■ 3> ■ ' 4a j l-a_;5J 1 j(_jJLI JnU3 ,j^l 4_aLLaJI dJuS 1 j L xj a : S-jjLa—t S JI 4_aliaJI -4 

(jiJI 4JjLaJlj 4_aL>JI 4 .ul i j, j *C1 1 5 JL-a-C Vl ^ya 3 i ^ "... 1,1 4-3 1 t*i 11 l (j jlf 4-l li d V I . L i . . n I 

. LuL^- ^^3 LfrajJcoaiJ 

* 

jj j -^r 1 l ~i a -4 • 4,3 1. la. II ^jos |_£^_>.l £-J^j I (Jj_>o I iuJ (jl ,^)£LlJ_9 : 4jjl^_>JI 4-3LLaJI —5 

4— alio eiiJ j^a *3L_3 jJL1 lm \ ^^3 4_ijlj >- 4-3LLi Jjjl 4-AjLj-^.fDI 4_3LLaJI 

4_3lIo j^yJJ i_ii >L,i ill iliLS " ill (jl^ 1 I 4 _>oLLJ! 4jjL-«-a£JI oj}L-C.laLa3t 


( j^a 4_1 jL& 4_alla Jal — j-ULoal jjos (jj_3jl Ijl* ^ 3 (jl ...'Nl jj_SLdJ J_3J : 4jj_^jJl 4-_3l_LaJI — 6 

* 

J^Li. I II • J I L 43lj_4>U Vjl 43lia.Il til 13 ili-la « ~n ill J_3 j ,4jj^JJI cTj^-cLLII! 
4j^j-LJI 4314*1 Li Zj-l^ 4a -a-L-u lZjL«1 Jl3cj_i-u1 lIJLLa (j! (jl - 4 . i l~iil 4_4L*JI 

4_3LLa.ll . Lij—oC . j 4_c.ljJ.Jlj t_.4.gj I j d i Li^ qK ! 1 4 4 1 1-. l| i il jj ^3 d t ^. l >. 

» 4 _uwLq J-j^?l 43 lIaJl^ 4 jjLLa-Jj-l^n 43LL1JI t (j*LC._j_i t _- r Il 4 jjjJJ! 

Cr^i J < 1 " Cj^* (j 1 4-j L - t s-L I 4_3 LLaJ 1 JLSLlu 1 (jl (^yJ] 1_L4 i jjuu jjl L..< ~»- 1 i.~>- 1 j 

» 4a )1 4_3LLa 4djl <1 j*v II 4_3l 1*1 llj ' 4 j *\j -\- 4_3tla {_3-IJ ~ ~ j ■-*’ j 1 1 4_3LLa3 - j •*- T 

4-uLi j - t j 5 ll I 43LLaJlj jJ_jJLl Ld^ 4_4 Lij_^ 4JsUo ^1 4 jC_i*)l£LiJll 4 dl U Tlj 

^4] 4_jjj_ox)I 4_3llaJlj 4 _uLj-^_S ^JJ 4jjIj_>JI 4^UaJlj I ^ < 4oi^a>. 4_3LL 

43 LLaJ I (j I . I _l5L&j 4 1 I CjLjI- Iaa I la 4 _uj-o 3J^SJ1 L^lisJl ^,3 LiS" 4 _uLj^ 

‘4-_ul^JI lZjIjLjoJIj i4_uLJU CjljLpJI (Jloll ( Jg, 1 1 1.1 (jrL* ' a 3 , 1 « 1 j 3 ~ jj) 

. I j£LiJ idn u-jULli-aj^ II 


(^SLw l ySJj .Jiitj ji j, t -r " , 3 Liu ^ 4_3lUI (jj» : JJiLUt |j_J| Ltoa o4i jl3j 

.((43UaJI > Ini*w IjLod)) ^ xi.ioj l_loil Ijuiij (JSLa 
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iajj (jl£La*iM jJls LU_jL>-_j i Ljj ^_>. i j L^JlSLitj 4 al L 11 Ijl* ^2 LLi^lj 

(3>.>L!( (Ji^ fill (j-3 . 4 _i a^_J I Ll3l_j_>. jjja 3j JL 1 , ~t a <JL£Ltlil (jii dJsllaJl 

. 4i>j.rc."t.l.l c Lij. 4<L1 I j 4j£LcuJI a bj-$SJ I 


* t ' 

Li-a^-i 1 (j 4 1 V ~ i 1 1 1 1 3 ljl (jr Lc. "al “ i a ^jSLal <jj ^_£j! ^<u 1 4 -jaLLaJI mJ j^jl • 1 <j^ 

. 4J2 LLaJ I 1 I JlA (__t-^ JjJa ~S 

<il! Id 4_^llaJl 1 c faujv . ' . 50 ni/s I . i . 3 a 4_£.j> 1 jj 10 kg 41 1 ~ *c ^ : 2 ^ 


• I m *vJ 1 


ijx. 4 _c.LLjjI (jL 5 > Lajiic lOm/s (_gj Li ■»! 2kg 4 In . 5 j nunv 4_c.^_i^ jl jl 3.a ^ji : 3 (j^ 

* ( < 4 u'v . I . 5 m ^ 1 n 

. jl *1 ->J' aiUlU 4 jK II 4 ..<^.i,.)Kjll SlsILJI 
• ^-JLijuaj Lajlic ^j,<.u.->JI 4 jl . iaa (i_j 

. 4 jjLj 4 x.ji 1 11 1 j^JLc .^1 ^_sc_i 20 m 4 j 3 1 1 .i a 5 kg 4*il~~j5 ^c..i .!.•>. ^aj^Ul (J- i -i T oJl l • 

: i u~>~ I . 5 cm jIjlS^u 500 N/m 43^3 JLi^J * 5 (^yv 


. LiJ^jLjjJ 1 ^2 L2aJ^U>- 1 (^yjJ 1 (*-Aa3 1 44J LL> ( I 
. 0 -l Oli l 5 “ 0 ^ (JjLliJl I 

^2, Jjj SJsLLaJl (j->a £j-> <JSJ Ljjij— »J ( _ 7 lll 4 .i 1~< ^JL t jjl <a-i 11 j_£jl : 6-_yj 

* 

. j 1 1 1 1 1 ^Js 4JSUI! 1 l ±±a.a i j~\ it 1 1 1 jla 

(JjIji-JIj iojJLI Ijusi 4 .j.iaa l i^\j S 1 $ 5^L ^ i ii l_j 4JaLLJI 1 j ‘‘'“j ~ lai ^xj lJjIj La : 

. 4 K LJLI iJjL* 
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4_1£Llu1I 


AJcSLuJ I eb^jSLM 


A a, tli a 


Jjj-SJI Allc, LL uo j ^JLlII ^1 L$_al Jlitli-ulj cLij I I >— 3 L i i- ~ ^ I (_^ji J-aJ 

C-Oc-ila I JLa3 . }LaL£ ljLiiie.1 cLi^SLII 1 _ r Lc. 4j^_uajjl SL^kJI JlaIo jl ‘,\JJ l iul l 
u.j±j ^ 1 ' ' j 3fcl.il-> ^jl jjil-ia (^le. l g U « r»~ ^yi . , i — <a. ~ «~i 

, L±ij. /.->■>- (jr l]i [j-o La^yC-J 4_tcLLuaJI (J i i ~ ~ ) CjK 4_l3_lLII 

SjLLiJL? .<5LLl? I l^--*.Lijl iiLaLLJI JK i~> 1 j^I tL^SJI jujj 

4_uLi^-^SJI A^LLaJI j 1 a ~~‘j - A iSLi-i l^jJLI 4_alLx3l jl 4_uLyfc_i£iJl All! ^yc. 4^>oLi!l 

l j al, l ~r .~i I III 4-Ijfr g 1 lij j! jjU-jJI f^yjD Liyli.) 1 (j " All-llj <^LLx]l £-Jy»l Lfej _i c 

■ 5J j ) j-i-l ^1 O-* a j-* J-aJ iL^jfcLaSj 


^ya 5 i In a jj I > l-> ~>-^f fcii_i_>- ij^LJ.1 jJ < 3 600 ^Lc. *L > j (j*C 1 1 <_is^_c. (j Lfc u i *^ I (jLi JLij 

jl j t M i l l t j-0 fcliLfcpj >s\~°> L_JI (__CuL«_3JI Jyj A t In 3 ) LySLIj .Lie. ^jJJ-jlJ. 1 £)Laj-$£Jt 

A <1 K H cLyyf> <1 o K ^LaJLfcul ‘ I JUS (jLSj . 4j jinjJLi A-j-uoLIkJI lLUj ' ~ 3~J ijjjJt 

a J 1 1 1 j ^ L m 1 (jl—fcaj^l >.ii iii ~i 51 1 ~<5 J 1 u Aj (_ r le. ^.11 1 a < > l * j >11 


l^a-o l_j^JLILj ( ‘o i o j Ijl JjJLtkJI L^-jJ] fc_>jLJ>o 4jujfc>3 3jLst>. jjl lifJL-LjJaJI 

^-ii-C. ^-bJI (jj-eJI (Jjljl ( _ y - " .. ~ >- 4_>_fc4i-Ll3 LUU I j fc 1 (jy J (3^3 jJl fcLijlj_jJI 1 3 .^T. ~Cj 


. ..X li ijjjl ^cJUJl (3^- 


3jU1j A,! ' 

.1 ^1 Cjy~ T ' 11 4 -Xju u LfcfcV 1 j^jLLJI ^ya 4 « I ■ t-« n ^yi} SaLLI 

j ii-<i«n ^pLulij j t.-ii<JI olj^Lo jjLao i Lr & 3j jJlj . L *> j ■ e. j 

Lfl I . j A^i I Cj 1 3 i i-> II a 4 i*i5>J I L. ’l fci. r fc 1 ^>^ a A 3 l*i 4. 1 1 j «^>l i « ! I Lli l^ii i 3 1~ L.~ i ^ i 1 1 

U3^-> •eli'-jj^ ~ _ lJIj CjLj^jjjJlj Ll>ljj>j J iSLl‘l/l ljr &> 3^ j , t i >-> Cj L^ a.fcqjy £jj^~ ~A Sjjjl 

5AAee-a LIjIjIjjs ^^3 eljljjjJiSJI jj _U j ( _ r 3 SljjJl ^^3 oljjjJLtllij 

.^j^q-lLJI Jjjv 4 j ( n ^ r*i 1 1 1 4^j- fl y X\ c_a5I^SJI JJJj i LaLc-i 

J I JL2-4J i 4 1 •>• juJ I t— I jlj ‘ 4 i >• m J I u-J Li W^i i_3^c ji2J 

1 .6 x 10 C . i^jLfciUj (e) j-o ^JLi L^J a! *^- £ j jl j.i L a ^ jL^j Air&ji 
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jjjjJ t JoiXdjl 


Li^j-a (c) iCjLbe^iJI (j^LuLl SjL^-j (C) j_ajJL 4J j^ajJ (^jjl _bu ■ *•■ j 

rf-ii 1" ->vl 1 4_oUI ^LplJvVI (_-,!£■ dll > -»- II i C j l j ,'X—^tl ' L$-i V 4_JjS/l 4_i^t_iiii] 

(Quan- 4_L?c_JiJl ^ <1 . nj La (c) j J jIlLI l 4 _LcLu d LL c. L ua^a iJjLuj CjI J a*\ i 

(Jjlj-i 4 Ji£ jLs <j3^di .JjLxlLa ^ jai% ^-3 JjjjJLjJI Lai .tized Charge) 

* ^ 

: (j I Jl3lS 4_L£ (_£jLujj Ljj-Sj dJlijSLa jj jTLuJ I Lai ijjjjSLI'in 4Jj£ j_a oj^a 1 836 

riip = 1.6 x JO' 27 kg = ^ 

m n « m p = ujALJI 

m e = 9.1 1 x 10' 31 kg - 4±^ 


* * * * <■ * 

\-i_~w^o jl i n*v It 5JCv t _ r js LJLuj L^jI <^~i L ~ < \ J I i 3 ji 3jjJl i_i ,.u$L~> 

p 

t LaLu 3, i _< 3..a J-ir^- *— J djjJI /J>^* -d 4 _j^»jL>JI dljljuLI l _j-£ jj . j I J. a .i H <ULv 

t (Free Electrons) 3 j_>JI cljLjj^jSJ'^L oj^> a. i n3j i(_£j_J»-i 3jj (j_a (J3JJ.3 (jl j> S Lcja 
(Conductors) d jLtojJLL ( _, a < nl 3jo- dLjj-iiSJI L^j jijll jt J-l<3 1 it 1 1 ' ■- 

3jj*Jf d Ljjj-lSLJ'^ f ^ Lai n L a J-U 1 4_uU dc. lIi jCi^jJL) dUj ^j>JI tjjjjSUVt 

* 

lLUj (j^a lj_>- JJulJ Jl_l>JI ,J-ixOj-Llj i L^iic. jjjj (jjL JLt-a 3JL>- 

. d 1 jl 1 j_i_nl ' » 11 (Jju^al (j^a ^ **■ * tlj 4 i^i3'l JLi3j CjL J^ l 

Cj L Jj-IS D I ^lc. ~ ->o jL-3 ((jjljkiJIj l_i.pi >Jtj lLIUUj ^LvjJI jljll (jin « j Ual 

.(Insulators) 4Jjl_*JI ^jl* m~ij iL^jljj (ja-j .J.3. ~tii 

(Semi - Conductors) o jLus. y.1 aL-ii ^ jl>a jl>-^ 3 4JjL*Jl jljllj 4Ju-a ^Jll (ja_>j 

(_|iLa 3j J) CjLi_i_lLi 3 j»^_i_i Laj_>J I j (j^SLjJLu_oJ 1 4X . jj a ~*J. 1 ^JL^J Sj^SLLI 1 nil (1>^_9 

. jLLa Cj I I joJ 1 


4jJL_u jl 4_i>-^a jljdl (jJ] I (j’l^Luaj jl CjLjijiiSdVI 4-!ljj (jSLcJj lj-4> 

CjIjI _lil diLjjj " i 'C ! VI ^jLpaj (j^a 4jtla_aj (j_a ( i>i 4 Juxa . 4 1 sc. i ni l 

3 »U~^ (^jjl J ii ~ i ~|J h-LU£L_->-^ I 4_pt_ul) 3j_>- 4 J -w.jL>JI ^L>-jJI U A J ^ LJT^ 

. jJjj>J 1 3 « Ua (^1 c. 4_l)L_u 4jL»^ij £U.^JI i_ij iin4 f jic. 4_L>._j^a 4 _l^J« Lialjj 4_iiijc_a 

Coulomb’s Law j^jli 

^ (5 a .L" 1 1 ^k l VL'H ,j^1_Ij jl ( 1 jl_>L 3 I jjJulJI ' j < I (jrL- 4j^jJe_piil i n~>-Vl ^3j3 


106 



a£ 4-1SLuJ I ~ 

(jui jl>-j jl^j . 4-L^AJ I ^yja 5 ,M~ 4 . 1 1 ^L. <i.>-VI u-tjLsGj Lc-Lij ij-bLiG 4 i-r . jJ Lj 

* t 
1 a (i i |J^ jl. I o a h.lj_Lj t ■ . ..t <~~ Q-> j Q| (j-Cu-rr ,i,~j (J/vj 4ijl j "U 3^—Sj t jjl 4j^ ■>• il l 

* 

(jyj (jr^- L^j— GG <>L>GI Cjj^dj 1 1 <i 4_!iL<^il! J-Jj— ^ £-« i j i n^r j 

* 

: ^Jj U£ LlujIjj tiiJj 1 . 

F = K Ql 9L (1) 

r2 

jjru (J-l-sLGJI v L-> i ,<jjl -1 aJi*-j lLoG K_j j ^ nGGn_ 2. J I C/H r G^-i_ - >- 

: i g£jj 

K= — i— = 9 x IO 9 N.m 2 /C 2 
47te 0 

8.85xlO' 12 C 2 / ^jL^Gj (Premitivity of Free Space )£I^_GJI Jlc3 e () 

L^j SjGJI ijlj 4 _JoGJJI CjlIrt-GJl (jjic. (Jj-faJ ^ 3 ^ 3 ^ ij' • N.m - 

L*-£ ug ~iT i^ i ! ' (J^ol^JI JaisJl ( _ r L^. J-a-Gj .4 j >_~Ln 4_i_a^ (Jji-VI t _ jr JLc. 4 ) -r n, 

. (6 - 1 ) (JSLgJ ( ^£> 


o- 3 3-t > iJ>* 1 


Ql F I2 F 2I q 2 

(6- 1) JSAIl 

* 

I j- iLjuo (jJjLlG (JSL^ |»LlajJI ^ylc. i_£j_!i!l aju& 4 1 1 ,jl La^ 

.«L>o'2l ^ ij j_jj^Li_aj ^L_u_a (J-*-3 _ljj jJjl£ GJ111I 

:(1) jeu 

: (V " )t- A , jjn-i iljLUt 4_Gb^SL!l SjJaJI jL>G 1 jJiG* 


• 4_JL-u 4_cw_j_a 4 irr.uj (3) 


.(jGG^j-a (2) .(j^LJL^ (1) 


: J>Jt 


F (1) 
F (2) 
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(2) JLLa 


(jl c». a . lf . Ijl 11 j -6-31 Sji (j-3 j-u t_)ju>JI d^Ja J 

5.3 X 1 0 ^ jLujj j 


^l~l3 


2 : >J' 

F = K (e)(e) - = 9 x 10 9 X . (L6x 10 1J . L = 8.2 X 10 ' 8 N. 
r2 (5.3x10-11)2 

4-C. a - a — -T t_a Jld^a <_r^ l- j- li^uJ 4l_L*_a 4 i rr < » ^.lf. S^jJll 3a2Jl t— )1 <a >- <JL>- 1 3-4 

. 42js2uJ 1 tilt t _ 7 l C. S^jJll 4 1 I r-i.-yj, I 3^211 I il ...->- L&JLlC (- I rr 1 4 tljLldtduJl jd 

Electric Field ^ 2 b^£li JL>di 

jli I jJ_j .pUj-CuSn tilt yS 4-x3j {j^C- o Lj jj is e. (jr Lu (JLscdJ j 3 1 1 

d - > I* I ^yjL JLj*td L^J J_>- 3 J LisJ^dva cLut 3 j2j d j j! tj ^ II 4 lx dJI ^jLjj Jl d3Ulll 

tljLct_tiu Ifr-id 4.3 la i /a ^2 C] d i ■ >■ A, «_2dj Jtlfl tidj (JllLaj ■ d 3 U '. L 1 tilt ^2 1 CjLLx_i 

L$j i^j-3ll 4^jc2ll ^jaj>dl j£. SjLlc. (jr i, F*-5j2j jjLIj Lgjli . jtJI... <Q2 3 Ql 

:4^^L»JIj t~ (6 - 2 ) (JStlJI -fX-Lay* 3 A La£ 3_j2ll dJUSj Q ^ , 1 ^- d ij 3 1 a tlsUar <^ill 

T ? =F+f r 2 + ( 2 ) 



'Qj 


* c 

,q 4 a j4 £~a LiJjldi 1. 1 <oLt (J ^ lc. SjtaUl ^>311 4 1 1 n 'r.a jl 

d i %.jll diLttAll Sjlwj Lj Xc. 3 j 2 Jll 3 _j 2 JI (_£jL j 2 La 4 li 3 1 yS (JL>J.l 3 jut jt 

. d ^ -*-~ a d i j.C 3^3 E jja^JLi ^*C ll jJLx-aJJ 3-a j i n 3 . 4 la 2 .il! tiLt t~. » 1I-13 1 j] 


= — 


:4^^L»JL) 

( 3 ) 
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Ij 4.1S LiJ I c i j ,.^5LT I 


(N/C) 3j^ JLUI OJLj-u ^j_ul_3_}^ 

5 ( 3 ) Jli-» 


J~ s ' Lj Cr^ Sjjjv^a 9 4_uLi^g^ 4Jbe_»!ii <j^£- 3 j->j-l.l 3jJLJI 4j%JLo (_^La 


. 4_JL_u Llul^ I jj (2) . 4 jj>-jjs C-jK I jl ( 1 ) (j-lttjJl 


F = 





: <>JI 


Q *~ 


F = + q E 


4 ^ 3 - a -* L t 2 43jiaj>JI 0 _LjS> i_?j3a JajiaitJ ^-jLl^ ^ ll JL>J.t JjJlaj ,j_f>L«jj IjLi 

. <l-i 3 <11 < i ijy 3 ^ jLi^ 5^ i I jJLjxil ijL^oV jjj/Lc^o ^yc. 5jLlc. 

S ( 4 ) JUL. 

.(j-L^i-J! 4 jsL>uI ff. !^i~ i a (JiLa 

E : J»JI 

> 

> 

> 

> 

> 

> 

> 

(j£ tla^]aj>JI J JlC. li*. 1 r ^J 4 c ln.LC^ ^ I Lfl ^ ^ 1 t ^ 0 ■ 1 r_ I 11 a j^JjQ 1 L-S '•%■_ 

• C^JLl 4_V. L^l I 3 Jjvj 


• ( 5 ) JUL* 

. 4_JL_u (2) (1): 4 j t-i 3 ~i 4 ir e. j J JLxil J^a 
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3. i^_ 3_sLj (Jjaj 5 a-1 mil ^ * ->-j ( _ y i lLsj U ->J 1 jjl. , r. 3_jLjj O' ^ Q 

* ^ * 

. Liajl LtjOe-uo ,_yuSL»JI Oi^rdJ 

<LLaju-U JL>dl Jajiai. JJlC 4jLj La £yt < (j)g i^Lj-^SJI JL>Jkl 
* * 

: Op 3 LjL JUJLl J Lj1lcu- 0 ^ L , ..11 0^5 I jli . 4-lic. l^Jj-4-C. l>L»ijL »U;,.ll I JUi> 0-° 

(j) E = EA cos0 (4) 

. ^.L Hi! I 4j*. l 1,1/3 4j*ILa J 1 (J L>JL I Ov I j-J I 0 CiX>. 

6 * 

1 nil ( > 4s~ *. i -a j-f^. i _- r jL j >_ig < \]' JUJU 0 ^ L^~ > ^ L , ..11 o^-> Uj Lai 

'. 4^}LJL ^L<i JpJuill ol:^ 

<I> E = J KdX ( 5 ) 

fjMjLL 0^^ O^LuJI JL>J.l >_i L n i -v ^ , 1 -r " 1 . 1 i*i o^J 

(jii-a ^ . L . . 1 J}U» 0 -° (jjjLj^.11 JUJ.I (jpj-J o! 1 * • <_rp U cr^dj (Gauss s Low) 

l!aj->J.I 4jjLaj jjic. 3-aj-iu-.1 a ^t-i mil UU!l J-i-lj 3 1 _^Ii_r>LL 1 a jgc A.!l 4Lu3Ljta 

* 

: Jb Lcf> OjaLaJl 1 . A A 1 ijSLi 1 1 Lj 4 «.~ A /•»- All 1*111) 

<j) E = <| __S_ (6) 


cjVUJI ^-3 A 





r 

-*r> 


r ! 




> 

1 

z 

)- ■■—> 

n 



0) 


: (6) JCL. 

r L O -* 3 ^,J| E >i 11 •vl 


>| 



£ 

- 7 — 

L / ; 


M 



(J) e =EAcOs 0 = 0 (i 
= E A, cos 0 = 1 
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<{> E _ EA cos 90° , 9O° = 0(^ 
= 0 ,cos90°=0 





0 e = EA cos 30°, 3O = 0(_>- 

= ^ E A , cos 30° = — 

2 2 

: (7) JUu. 

. Q 4_u>-^>i 4 _i l~> ii-i 4 I, T j t J I J L>4 I 1 

* 

Lsi^S^_aj r L&j Li 4 ■ 'i 5j^ . .. SjLi-t ^s 4 It A 11 ffjjii !_}$->• 1 t liTm jLUtj 

JL>il 4 a _ i 4 4 j Ir -i l l! I 4_Lre_jJI a JuS (Jj_uw Jil.fl ~i ,11 L-xj m ) j . Q 4ju* —4 .H 

.(Gaussian Surface) ^ mjt ■ M ^.1-^ J L ^jJlj ^l-wJl I jus ^ ic. 4julj g’CJI 





_ Q 


: jlfl 4_i'f j 
Oj£J\ ^Lluj 4uk.Lu^4 


E = 


4 7ce 0 r 2 


oA 

(7) 


calj 4 -£L_cuJI Cul i t 0 , 1 1 4JLuv ^ 4_al J t ~f,.>.,J Lr J2 (jaijL£ 4_J_«_*I 

.jjJLJI J^LoJI 

Electric Potential 

j-uLlJI 4_LaL£ 4 _!sLLj L i l lruu JGtus ^43 £j_iU>j-o ^jj-T ,~i ,a ^.i_-v ,J£ ,jl 

OjL^ 4. 1n si i 4j) (julu^ q St l .1^ > JI . JLsJ.1 lTVJ <_lUj 4 ', t , u ., JjjLdLI 

■ 4 U A . U I i_illj ^ 4mj_tojil oLoe_jJI Sjuvj (^-Jb^JI 4 J 3 LU) <LLal£JI 4JsUcJl 4 jL 
: 42MUJL. , i,^ 3-JI I jJ_j V (^yjLij^SUI . t ^ t M 

E P = q v (8) 

m 





V=A 


0 J-& J/C . X. ^ ->JI jj ..i 3 1 j 4_aLLi (_j.ii> Ep co-p>- 

4j 9LL» 4jj^t_^a Jp_rcJo l_£jU ( JT jL j-$S JUeoa (_jfl 4jLrt^iJl <^Jj_>J JUC.J i(Volt) LlJyflJLi 

. L^jIc. JJUl J ju <Ut-pj 4-&j->- 43LL> ^JJ L (j j..i ^ > a 

Jj j-£ (_j.L-T.jijj <4 j i n LJa .!. j ->J| ciLJjkSLa ■ a ■ ■ -A > a >~> l . » £ ^ ^ 1 U 1 1 a JjLoJt ,jl Lcjj 

: 4j^>L*JVj V2 j V| La^j.^T. (jO-l-r <Vi (jrvj j^>J1 


v 2 = 


<jjSb dJJ jjj . ( 1 ) 4 It 3 1 1 1 ( _ jr J J (2) 4 In 5 i ll j^a C] 4oj*jiJI Jill ^j^UI JjLoJt jji W (itp» 

ft 

Ltij Lv ii a a Irr -iii JiJ pbj^LJl (J i . r .J' ,jU \i\ ~i ' (j \ j LiJyls JjjJa 

. t f 

(jjjjyxllj (jjpjSLJVI (JjjS 4_yuUu^l >Zj U._li.uJ>J I Lj-IUl lilj . Ijjvlj ^j^- (_gjl 1-u-j JLsdj 
^gjl-i - uJ Jjvlj LoJyS 0_)ljLd4 .1 (j.*>. JyS (c) 4-Lsc. mi 1 1 (J n i j JL ill (_) j < iJl jljLiU o! - ^ 

: ^(eV)^(jj^t 

le V= 1.6 x IO' l9 J 

* 

ij-uj I a igifj U^jLiiij JU>o J^j_>jlj Llj J^lt JL>J,I i_i Jp_*j 4lao-}Us (|yaj 

.^4_ijjLrsJl 4isLLi) 4ojjUJI Jt£5»j 4 u jgjVl 4_pjUJl JUi^s 

<uLa ^jlc. .laTu 3 V (r) 4 J!jl^ ^Ly^SLIl 1 i .Jr I j) 4j| _^£jiIL> _^jju>J1j 

: LoS" JUJU i-jLji^. 


E s = - 


JUJ.I (jL> cr-p 4 jJLwJI SjUi^lj dS 4j>.ljVI jLsajLi (_jjL>p^JI JUAI E s op . 

u U.j ^Ljy^LIl <jlU (JUIlSj t^yjLiy^SJl (jLoa-nj j>UJjL> joiJj 


-J 


4j>UJL 


E s dS 


(jLa I 1 t~ i a JUJU Ijps 


V - - ES 
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« (8) JO. 


JLUI Sj_ii jl>._jLa d,Jj..aJLi ^ aj V j jLlaVlj j^^uLoj X V — ~ax (jl i " < a I f . I j] 

• X £-4 JL>4!j JU£>JI 



Jl— >41 <Iaj..La.->- (_g J J o, , « 1 1 <>l_>oVL) 4_La: i ‘~^j lj] 4 jI > jiJ Lj La-o J 

4 »l l aL>oVl (JjJLaa ^jSLa^j l AA . j .x iaj ^ SJalia <jLs . < _ jr ^Li j-qSLM 

(jl—ii tsJJjLlj (Equipotential Surface) > ^ •vJ I < *> > ^4~\ < .< ^ * 4 1 > ^ U> . .» ■ JL>41 

i-4-f-3 1 1 dLlaJ 3_}L_jj jl lij^l j " j m \ ^jj J a j -v jl (_£jl_i_uj £j Um l>jr Lc. u-il i ~c_J~uJ I 

* 

. \j . 1 1 n (_£jLluJ 1-> j,.iH I JJfe 4_*_9ljJI JoLilJI _Lq vjl 


i (jrt. ’L a r .xa ] . n ^ -vjl Uwjj JL>4l ioj> l-i ->- Jibw (6 - 4) JSL4JI j 

• 4j>" j^a 4 j In 3 j js* S’ lj 4_J Ll*i (_£ ^ I j 4 _l>- j^o La-& I JL>- 1 4_«4ilLa 4 ',-*■ S',, ■ 
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_ lil \ u-1 rl Tl 

Capacitors dUisa.1 

(J xi t~i j t 4_ul_i^ , j \ j I oj -»- j/ 1 /oia. »_/a 4_a. I V ~ . .ill tLx^Ln/^/l i_jJ t a dLdoSUl JLjlj 

( _- r i3 -r HJ I <UjLjj^£ d^?Ljt_« JLl5_jjJ CjI i T- Mill J 4 _ljLiji II 4_3LLaJI l^Ic. 

^-Gj j L .u l a jjujjtulija l \ r £. 3jL_lC. i_ 3~X 1 1 j , oJljjla 4-jjLj^^ dll i'fr-.Cu a£j^~ 

. (6 - 5) J£.,rJI (^^3 L4> ijjlc. < t-> i a j l <1 ,j i_M (J/djjt wix/O j_iCj 



"Q 


V 2 


: U£ V u>l 

v = -Q ." " 

c 


(13) 


.Jjl &jjq l? JLc, 4 La^jJI jljJLa Q j cJiiSLlI 4 • * C «±xi>- 

* ^jLl^J UflJ^ 1 1 4 > cu 

c = — 2 — = Q. (14) 

VI -V2 V 


(F) jljLoJL ujufc ^ *-. 1 in j (C/Volt) 3 3j_i-uljXt (j^Lajj 


IF = 


1C 

1 Volt 


(nF) jljl — bjjLUIj 10 6 F (^jl tdj ((J.F) _sljl sjj^LjULI tSj— 1 dlj — >.j i-ULl*j 

: ^^1-1 Lo cjLaiSLLI o-°3 • 10 ^"”F ^jL-u3j (pF) illj 10 ^F j** j l . ,.~j 

t_iXJU I jd oj£h$ ; Parallel Plate Capacitor jrtdjljiil jj (1)* 

-l»-J I JLL31 ^^JLc. 3^ dll ( _ ;r 3 4 _^-LjJLI ( _ ;r 3 (jOjjLdLo L?r.;3 ^ jjjo 

i 2 VC 1 1 ljuti d » . ,.lj ij i(6 - 6) 3^ dll <jt 3 ju3jj« La_£ ■ JJL ? e-a ^yi~ *»■ j --t ■ tl <_illj 

: i^UJL 
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aisi . o.i i ^ 1 u 


C = 


e 0 A 


( 15 ) 


> 


+Q 




A 




-Q 


\7~- 

J<— d — >*( 

(6 - 6 ) jslui 




• jo mil juljJ! d j 2..» M .-i i £q 

o- 4 ^ pjJJI I jua> ‘Cylindrical Capacitor eJiiSUI (2) 

j-C.3 v . 1 m jj T| 5^-A -ill j Lift t .i.io j ^ryj-1 .n_~i_a ^n" -U l^Ja-i-u I ^ 

I J-4 4.. < , n lj^oj (6-7) (J 'C | ~ | I I ^2i j-A l_4-£ iL L^-La ( J£ <_ljv.jL>J 1 3^wA_aJI 

: 5 - 3 ^L*JLi (_aj£U.I 

c.^m. ’ (i 6 ) 

' i-h ) 
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__ p^jl— Jl J m .i n 

jj — >41 j—^JlU — LI i_lL_L-±JI iCj! a ilSLLI p a 1. 1. ± p I c 5 l"i a'^l — a>l p — aj 

pjj j L l 7 i~‘ < » ^? I pjl^i p^a d-ij j 1 j ,i 1 f 11 cjljLii^l pi ^ jjr. ~ < .i 1 (Coaxial Cable) 

• I~2 J T| U- 4 j jt 1 ^ ! (L) p-ilj-Li— iVI i—oiiSUI (j^J j»l-£ t jSLcijj iVI ji<f>- 

^ cjLiiSUI iyA ljui oi^i (Spherical Capacitor < .Vi^LI (3) 

4-j_>-jL>JI S^SLII jJL^a l_ : i .~i i j Fj ^^li-ljJI S^SLII p_t->4 L<i,mj i3-£j 41 pi pujj^ -£ 

: 4i}L*-JLj p In ,«,!) c_2u£il l jLi 4 jujj1_j>i_ 5 i(6 - 8) (JSLlJl pi £-u3jja U£ . ?2 



* * 

: pli Ijp. l^ij 


C = 47tE 0 Fj (18) 



4~ «-.n I j . a 1 **i ^ « 4 _i1.a<; ) ( <Lu3^-a 4 j apfi 5p A 3 j I ) dJLus^a ojS \J , ) j 1 . j ~ i f I p£-«J lIL) JLjj 

.SpSLJl tlilj jJaS <— i i .-i i (Jj-<w r iJ^- p . 47IEQF 

4 K ,~1 J ffjLfcjl p 1** .LCJ.«j ■ a (_£l 4jLt.il I JjO (jl (17) ((16) ((15) Cj^LlLI (jjj tl rw ^ljj 

. 4 -r M k Hi p\j Ja-i-ujII plcj p-uiJLlgJI 

i ~i l *-»• l l ^jMJI Ji_UJ 4_jj l i.ii. d c L I pi 4 j^_j_>JU 4_u I 4i l l-i t l p^SLij 

1 ,'lA ‘ - i 1 ^ L I pIbt_LiiU3 pic. L^jLS— a pll 4_jL^j'^?ULl ,3-d 4 j' l -r _ I l i i pic. Sjjjvjil 

: 4iM_»JLi p In U 4ilL> (JSLti pie. (JJL—JI 



2C 
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j a’,k\ . | t \ 


U= -i— cv 2 


u= qv 

0 


: I J-A 


II' ^Ju^j .v (j ->Jl , 3j>-^ 'i T fl *(6 - 9) (J^-ilJI j-La-il 


V = V, + V 2 + ... + V n = ( 


c, C 2 


C, Cn 


H I — 1 1 1 h 

+Q-Q +Q-Q +Q-Q 


(6 - 9 ) jlui 

: <!3^L*JLi j^yLxju C 4Jil£La 4 jia^iIj>i <La j la 1 1 1 0JU& 4_t^ljja ,jl j^)£L<u ^ ' ^J 1 

__L = _L+J_ + ... +JL ( 20 ) 


C C| c 2 c 2 

i n . i K , a 5 « < ii l^j-a j i.io I 5_4_u 3 J9 1 ' j~ * ii3 d.« ■ u I ^a j^ic t J < a s t, i I o 1 1 _a 

. f_yi 1 jH) I ^_yic 3 J^-u 3 _jJL I 5 _a jiili 1 

^-jLlx <3 (jrt-J LjjL-uxa (j^SLy i (6 - JO) JSLuJt ^>_Laj| j_y-Lc : LijLj 

* L^jl_u*_ii, (jJJ jJ m~i 1 1 1 

Q = Q + Q 2 + ■■• Qn 

= (C[ + c 2 + ... + C n )V 



( 6 - 10 ) jsljji 

(_yl£. 5J^-U3jJLI CjI llVv il £yi 4_a^l ^w U aj_j> ^j| ^~i Ti 1 .1 1 (jt u L^Iaj 


117 



_ _ _ i-^Li .i r i tss a ? i 

: iis}l_*JL) ^-Lt t~) I ©X -a 

C = C,+ C 2 + ... + C (l (20) 

^ (jr* ** * ' "'j a Cr^" J * ^ sc 1 4jLt^laJI g.i jij 

. 4-a j It < 1 1 (^,^3 

Electric Current jLUl 

oLl^t-iiJJ oj^>- cj^LsLj ^ I <* <U_uojil jlj-Ll iLSjLuj Ljj-5j L. ^ ? 

(jr £ ‘OjIj.C^jC Cj>ULl!! flJJk .£-}l_aVi jjjL*-U tJ Ji Sj^kJI 

(jib o^LSLiJI (wL1_Lj (^Li ^Lij-aiT (JL?e_a jjI I jpa . (jr >.jl_=>- JL^t-a >— jLi-c. 

. jLp (jr^l tS^52 IcLfiJ (6 - M) Lo£ 4.^ L V < < A ^ j uu -l 

E= 0 ^ E _° 


©^ £ 

^0 * 

e© 


<- 

0 — >©- 
©->©- 
■©—>©■ 


(6- 11) jsjji 

*<Gj£ ^LlSLu-ujI 4-C^-<-u j dj^stju dj Llrt_tiJ I 4 jL> jLjjJI l_3jju ^ lx. 

* # * # 

^ 4jjl U. 1 ) 11 j JL 1/1 a 1 4_l 3^-L> l.lL Lu J- « a LSL Lc u LlJli-l _jlb 

3^>J| CjLjjj_jSL!')/l ^jJr. jJjjy 4-ada.t J jl^o liiCJl Ly A ^ li lj 1 1 1 LuIj^^S *iiU*-* [jLa 

jjt> LS JL>J.t <>L»oV 1 jji£’mi ^L>o^l jjfl I^SLj^j>o ^ c. o$2j lilioJl 

I .(6 - 12) JCitill (jA ^_u =_^< 1 


j -- ■■— -«-Q *G |* — | 


1 

1 




. L l UI . .U^l l 



. ->- ^1! 1 C "1 1 


(6 - 12) jsiiJi 
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4_1£L4*J I t — 

* t 
ciiLL^-iiJl (jL^oV i i .Xl » a i , j ^ II jLljJI ijLj^u i>L>ol 03&-2 <jl <_jL- JhjI - J -Aj 

* * 

. LLa jLc. jj ? eJ 1 V J I LlJw1jl>s I * (3-*-*-<-'- JLl i a q a 4_JLi.uJ I 

Cr^ 1 ^Jdl (_yic. t>j^a ^ jUI ^L^SLJl jLpJl -J-a-3_*j_j I j_4 

Llit iT r . 'l jl tlilj (j-ic.j L ^°> 4 _i A1 t. iuiVI CjI It m.H 4-£:j^m J-aoj-U 

. j_L< 3_J-U LlUj |^j> 3 3jjVJ 3 _L>- lj>" 1. 1 


(Jjuoj^ ^JalLa (J j^ SjUl 4jjr lull JjULAJ jLiJl uAjJUJ I ^OjJL) jLlU j-A^-L-uJ 

: Lillj >- <l5o j iijLsjVI 5 jl>-j Ij7 £ 

I= AQ 


(22) 


At 


: SJa^LtlLi I(t) 4_tli^till jLUl 3 /\ Aj 

1(0 = (23) 

dt 

: 43>LJIj Cryui (J^jl jLill i_3jjuj i^ajJI ju3.«3 4JIj Q = Q(t) 

I = net)A (24) 


\) ~ ^ 1 VI 4 'i-y- 4) jlj^ 3 _a e j SjUvj <^3 3j_>JI oljjj ~i*\ JVI j_l_£. n i *•■ j ^ 

iy-° t. , ~i i~ t c_i FI (jl (jJJ ai i ~ i ^l -4 i U !i a 4 >-L^u^i Aj ^ VI C. jLi j j I&. W 1 d c j . „ 

4->-. j-j ijM- ^ ■ l o " ‘ «1 La^ J-blilJI CjLijjJ^LII JJL£. t_3>Lj_>A t UJ J ,.^-,c 

‘Lr J Lj^-]l JL>J>1 jljLLaj |»Ll iIh (Jxo^t 

u« A >l4W ^ >L >£9 Ampere j+lj & I ^ ^Li^SLll jLoJI 

1_>A 3 4_jjLj Li jl . ( „3 A 4. 1 ar. . hi i J^J-Q ^ ) ■ « ) Jl»- j j ■ a I I 1 ~ n Ij l |~ 

: (__$ I (Jao _jJLI Liil j ^.Li 3 a 

1 Ampere = 1 coulmb 
1 second 

1A = lc/s 


Ohm’s Law 

jLu l jy*-* J-U3_3^a (jAjia ^J3_) V _1_^J>- (jjA JLLl 4 j) |»_j| ^JLl)I JUv j . t3t 

4J1jLi j L r - ~ J Ij . > ^ *>! ! (_3 j— 3 (jru 4 j i . m . * JI jJ-t-ojII dili I C ^L > _^S' 

• ul^ ^ 4^qjLa<ll) Ljj^oj IjlA - 4_fl j l 3 1 1 p , .. t d I . .1 i ! 1 
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L-J I A 1 1 



y 

V = I R (25) 

. I»jl ^_t«l 1 ,3 jlr. j_3 I l^ij 3J9^L*-JI 

• jf (_>! Q j_ajJL> j-°j±3 (Ohm) 3 jl>.^j R i>ojL3i,l jj^LSjj 

1 g = ' V°lt = i-V 

1 Ampere 1 A 

* 

i Js (jl -i 3 ^ i3jlj_jJl 4p.j.i ^jlc. ^-^" 1 «3 iljpll 4 -ajL3>j ^jl ^1 »jl)L> ^-iJU>JI 

jjJI Ja-ojll 4-jajULa J-9j L$3jlj_>- 4_>-jJ tl<_ua_iitjl 131 l (j "1 a jl 3 d i~ tj^Luajll 

St 

CjI_L>j_jL 4 Lgalc. ,3'U < jtjJLt (?j_4ij Ijp. 4in,i^ id 3jl J lLc. jljpll j a ua . 11 

til Lj 3fi^_rt. cLliil ( _ 7 jJI i"'l al. l U .^Vl (J is~>j t\ I I 4_djL31l Jjpj pi i »J . 4_il i^jll 

| j-i-k. I. i rfi tla-CJ jj t _i I ljufcj 3-il t\ 1 1 )\ i 1 t 1 i—txS^jJt £-d (oljjj ~*v I ) 4-C r 1 i I 

fjA i.u.1.1 1 til! jJ 4 j_jSJLI tiiljjJlj tiAjj^ lS Jyi (j-u tijLajl.trtill Ij.i >o i L i j (_p-u L’-J_d 

4_>.jJ tl 1 1 r\ 3 i LcK tliLd-il—uaJiJI aJJt JJ_£. (j^.i n j . 3 jLaJJ 4»jjjliJl (Lattice) <.5vj i i~JLj 

. 4_djL3ll tilLuj j»Li (JS L tuj 3j!^t>JI 

(Electric Power) ^ujLj^SJI 3jaUl 

4_£ J~^- l,_ i j, l II \ 4-3Lb I II . Lii -l 1 — <3 ( h )-tpj_d ( _ r jLl jL J j (jLj — t - u — 3_>JI (jj 

^Lc. ,J$.i.ii 3j_i_aJlj JLx-a {jt^ eaLjjVt jl) cj|j_jjliSJVI 

SjjJilJ Ljj-oj IjlA nj-ajJI 3jL>._5 ^ JjJlUI ( 43 LLJI) J « Tul l JjULd ^ylc. i-S>*3 

: ^jLtuj 4_ i U •a -ll I SjJuJI lips P 

P = (26) 

dt 

: 4jI jjyic. P SjJtaJI tLuujjiaj it J51>- iJ H a!! W O-p- 

p = A w (27) 

At 

ciil jt-t. j (jl ^ ' 3a ~ ' 3 JjL* 11 .At ^jLta3 4- _ i i o j SjJLs ( _ r a |Jj j ■ t l (JjLjiJI AW l i i 
.(d_ulj — li^ljj) Watt tlal^Jlj SjL>.^JI i>JL& ^y- o i tlj (J/S) 4jjIj / (_Pp- 1 “ 1 3j . 1 3 1 1 
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JjjA JjLS ilt- p &j At (j^aj CjIaj AQ Lijl J-Ad 4 ( ic . J li (jf 

: j l i~1 1 (_£jj A ^ Ig. dlV^ l -v /»H d U^i t i SjjJLlI V ^jyj 

P = (A Q)_ Y. = IV (28) 

At 

: ^yJb La£ SjjAJI 4j 13!£ d .i j»jl ^I j V" ■ h \jj 

P = IV 

= i 2 r 

V 2 


(29) 


R 


Jjj-i j. .1 1~ 1 1 j j-JjljJla I 4 ^.j.I~l/ 0 j 3^_u_5i Li3j-U 4^a J, rr.“ 4 .lU 4 ‘j Jl ,ji ^1*JJ 

lILL j g i~i 4jL^j ( _ t *3 4_idLjj_ ( $!i dALla i Mlj" i n i t 4dv^LjJlj 4j L<-u-»J \a 

CjIjjVI t. f.l 1~ 3jJL2 4^j_jljij £yt dC' * "i ■ ., 1 1 4_uLij^£LJI dSLiaJI i— j! < n->» ^SLaJj . dJaLLaJI 

: (jp2 (J ^-d^L] H 4iliaU Lj^-dj IjA - 4.4 1 t-1 11 4 iM 1 J ' 1 

(J = Pt 

= IVt (30) 

.t djIjAd <j-dj Liilj Jj< M.~t (jryjjMJI (jjLj^SLN jljjJlj -L^.>J1 I, V 1 ^-lj.-*. 

. (j ' - ' -c Tu u V ^njjA I jV ^1 LLa Li^- Jk l I j 

t (9) JUu. 

• I— 4-i.u jv I . c*J^3 220 4 j^A i _ J Jj j7Ln>u iJalj 2000 L^3j_A d iMjj-^C 3 1 4 u 

.3 AjJ.1 i. * j ^Vl i .■ I 4_dj\JLa (l 

Aalj j » i ii (jl^ 1 jj 4 1 1 <-> 'jM-a CjLaLu j-htC. 3jlX 3LSJlU I_di3 j j i « -~-3 4_dJSjj 

* 

• 1 i nl 4 (_£jL*-oj 

: Jd-J1 

: 4£^t_*Jl *■ i •»•*■ i ■■ i ( I 


P = 


R 
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0 ^! 

r _ _ (220) 2 Q 
P 2000 U 

= 24.2 Q 


: 30 M-*-I I ^ Jl ^-~ (> i 

U = Pt 


= (2000) (10) Watt-hour 
= 20 Kilowatt-hour 
.Llls SOX 20 = iilSSlI oil 


jUjj - 1000 = 

iJ7 3 3 j j i '■* ~ i ii, 4^slla l _ r &, cLjC-Ll^ lLsIj jl jS ju O' *— LL&J 

. 1^ « 3JU t _ =T HJ t j Lij /.‘v! I ^.ul jO 4_uaL>. 4_ilajJl LioLo*- 

6 <11 cjIjI jJIj 4_L Lj-^J \ 3^3JI 

^Lij, g^kli jlJjJJ lL]' a i m 4 j *t .o j ^ Jl susLlaJLi Ujuj j j 1 < ^ 1. 1 ol 

^ o 1 1 ~i jjLu^il ojla> >j . Lftj— ug.j 4_4ij) i .-i II Li^t_>Jlj cjLjjLLo_l!(j 

(Jj^a j I jti) . £ Ljj j*C f I 3_«Ol jjl or, nil Jk>sj_L_uJ 1 4_u Lij, f j 4_i0l jjl 3_j_3JI jjl in a 

* 

u_JLJl 40^L O- 4 dJLjJI 4 _ljLij^SL 1I CjLbe_2Jl jOjj 4 jL 3 (Mia 4 jjLLlj) jjl 0_1_£ JL>»I 
4_iJiljJl 3^_3Jl Q^Lajj . jLu'Ohj^Jj' Liljj i_i i m +L3 ‘‘-M 3 <jr*) 

^L^Jl dll i-r- will (Jjijj jJU-£iil jl J-rLa L$jI 4_OL j? . ^ < vJl 

■. O' L>' » 3 j 1 jJI ^^0 4 jJ*-jJll 

W 


£ = 


(31) 


o3-& o-" iQ L*j(u_3__a 4 i-r- ui J_li Q_a.i_i.ll Qj — ilJl Qiaj W <.j,j ->- 

iCJ^iJLi oLL^^C. La I.X&J / (J^^- 4_uL^. ^*01 4.. «-4l jJl o^ajl fl J . > .j O' 4JjL*J0 

J^>jl oJl>-_ 9 yJi 4_ul_ij ^ 1 1 4 jOIjJI SjJi)! 3ju>-_^3 

: (_ylc. 4 jMj ^-i-aLLc. O- 4 4 _ijLjj^£ 3jl j o I U3^~‘ 3 
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Ij 4 -lSLi - aJ I c \ 


JSLJJL SjIjJI (J& Ji<uj • S^Hl j-luw (1 

e 


. (j^jL>a Jl£>- -L*J _JJ J-4 J- 1 1 ‘Laolijj 

: JSLiJI SjIjJI ^Ja JiLij : 2-ajU-U (2 


R 


d_ajLaM (iiij L<ilj~ . .,*ij 3jljJ! jU! jLpJI 4 - o. _ i. a i JU ( j r £ ^j-<S-> S-ajLiUI 4-1-a A ) J 

3 jl_^>. (JSLi ( ' 7 lc. 4 jjLj ^^11 ijaLLaJl 
: JSL2J1 JLC. 3jljJI Ja JiUej : > .V*4I (3 


,4_lrt_iiJl ^j_a jl, 1 3 <1 1 <trg-(l <i 1 n <_ < i ») 4_jja 4_uL)_^$SLll 4J)LLaJI 

3jlj ^ If 3 I ^yJI^JlJl Ic. Lai : ( 3 \j_j_i-uLuj I L/0_3jj_Laj 3_)l_lJI j ‘ -*> I i 

* 

Jl 4 ->JI 1 u3 xjj j m ' r (J£_i Ji>-j-a jLjj ^ SjJLaj L3 _^Ld ^-usLiaJI ^_i.a -w ^1 ^j]| 

J-uoj_i3 L^jljJlJI 3jl J Lai .j_uoll*JI o jua <LajL3_a l. < n a 1 j-i-aLutJI lilij (jo j 1 ■--. ill 

* 

La-L u j-l-oLL*JI ^«-v (_ y ic. lljlii 5 jl>.I j <Li2j j ‘ 1 '< « I I ■ a ■* • < i q j_L 

(6 - 13) J & aoJI La l_Ui>j . J i r-i'ir . ,J^ CjIjLlHI £j_a_?c_a <jr lSJI jLjIJI tJ 3 ^-i 

.(6- 14) 


v\M\_ 


_amn_ 


_AMK. 


v\MV 


(6-13) js^ji 
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(6-4) JSL4JI I 

’ o' (6 - 13) j SLr Jl _l>o ( _ 7 ic. 4JL>. (jr a 

£ = I (R| + R 2 + R 3 + R 4 ) = I R 

: R 4-ajLLa t^jaLSLi ^ L <J ^ i^n^X 1 i^jLa^LLU ^jla <jl 

R = R| + R 2 + R 3 + R 4 


f*Lc- 


R — R| + R 2 + .... + R n 


.n Sjl jJl fjy£ 4J l^jLojLSJLI jjlc. <jl£ Ijl 
• cjl (5- 14) (JSL4JI j..'x Is (J j id->^!Lll aJL>. Lai 

I = I| + I 2 + I 3 + I 4 

= £ (— + — + -J- + -L ) 

V R, R 2 R 3 R 4 ' 

R <Lo_jL<La (jyic. 4 J_jj_3j 4I tULajLill JjL* (3 1 1^1 


i- — L + -L + -L+-L 

R Ri Ri R-j R 


^Lc. JSJluj 


-L=-L+-L+. .. + -!- 

R Rj R 2 R, 


t [j_»- 1 (j4l o^ll i-1-q.->^! I 4j^— *> '- 1 ^yj3 (_yl^. CjLajLiil jj 1 4 2 a <^>l ^ ^ ~~j 

^yis Uyj iK 1 1 4 _i <1 4i 1 ol j JL(j_>4l tLij (jo/L-ut 1 JLAj 4j_jLjjJLa _jt 4^1 . ,.~ ^ 

• ^Lc ^ . » j ^ ~\ I *li 1 ^ o ^ ^ ru 1 3 j j I 

c > _ _ ' t 

oj j (J » ■ * i. *~. i. j > ■ 4w-al_J.ll l_ul „2 ■>• \ — al _ X rr i u«l 4 cliljlj Lai 
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4-S j I pljj^SL]) — — 

t-tlJ jJj 1 4 L » hi 1 1 l i , .,1 i II ^ 1 i~ 1 1 l — ijrr i n^j . JlJx la jJl jua-Q If . Llj^o (_jj3 4 _j_)Lj^^SJI 

• ^ '1 1 ' jLuJl CjLj_?e-a C.L-) (_)-uLul J J ' up^ 

j>£Laj Vj 1.^.7m.;1jj j 1 jtj 1 ■«-“ cLol j»Lc. (JSLij 3_3_£> j-&3 3. l 3 t a cjIjIjJI (j_j£j 

Ljjjl^ Lg.x t a ! cjIjIjlLJ (jul_jja i»iJLLsi_j . jljj jl Jljj CjIjL 1 $ lr > _ u - u . xt.i V! L^la- 

• l^^JL a . trun l 3 y , £j - ^ : j ‘ " j ] ^ 

La <laoj -Uc. OljLtlJI ^. A - sc -A » : (jl tjr L- ‘Lai i ., n JjSfl jj_jjLaJI (1) 

* 

i LLxc. 1 3l_C. Ij_a l_ ijej La^ (6 - 15) (J'v i7i 1 1 {J ^ j_a j_£s 1 g£ « I j-iL-ua (_£j 1 mj 3j I jJ L 

: (jl 1 LLa^JI ( jy« £^-jL3J1j 4JLLIJJI CjIjLUJ 4_t^L*7La diljLil 

-i] + 1 2 + 13 + + 15 —0 



(6 - 15) JLLI 


(^1 <^jLjjSLa CJ^- •*■ d t ,3_3>-3 ^j-a^-a» : (jl ^Lill (j_j_iL2JI (_^a-u (2) 

• (6 - 16) (J 5 i 7 i l I jjft Laf> . « 1 (jjj LauJ 4 alLa 3j I .} 



1, b I 2 


(6 - 16) jlaji 


jL^.J.1 tj_4 JjjD- 3 03 $~* (1) jL-uIl JuLl (jSLaj (JSLiiJI I j^i> j)^a_3 

jl ■! L ' (jl iil 1 . V # - > J 1 3 j_>LJ 4_ y J sc. f^il l CjIjLLu'^I 3Lc.lj_a ‘. -L -* -*j . \j ^ 
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j <1 n 


; (jl Ju>o jljL^JI «L>vjIj (^Li^^JI 

e-I,R,-I 3 R 3'!| R 6 = ° 

: (j? ju>o (2 ) jl » nxjllj 

I 3 R 3 - 1 2 R 2 - h R 4 ‘ h R 5 

m~i cj'jI _ i ‘ ill xia ^ U 3 ^ & juc. >^-«-^->- b j a Lu- 4> tjl "li^j (15) (JCtiJI 

“ * 

: (_$ I . \j.ius> 

I, -I 2 - 13 = 0 


. 4jJLoj l^JLa 4 j>.jL>J1j 4L-o^J 1 ^2 oljLuJi Jjlj LL&j 


: (10) Jti. 


R, = R 2 = R 5 = 20. ol^ lij (15) JSLjJI ^ 
. 3jl jJI ^jj-3 (j oljUUI jl>-jL^ 8=10 Volts R3 — R4 = R6 = 100 j 

•• cM 


; (jl J_>0 4_njL-uJI O^jU-U ^ I .lA-'i 1 i;L) 
10 - 2I 0 - IOI 3 - 101, =0 

IOI3 - 2I 2 - 10I 2 - 2I 2 = 0 (1) 

: OlJjSj 

10I 3 = 212- 1012-212 = 0 

1103- 1412 = 0. .(2) 


: ( R ) (>c. Cj IjIjjJI (j-aj 

Ii-I 2 -l3 = 0 (3) 

J-ig-j I,, I 2 , I 3 (JjUliLsc-a 4jjLj U j* 31 U^ 5 LLfjJ (jVlj 

: (jl j->o 0 jus 

I, = 0.56 Amp 

1 2 = 0.23 Amp 

1 3 = .033 AmP 

126 





!j I e I 


4 . « .j , U Llu^jJ jJLii 1 4 -^-^TlI I J 3 a£LaJl 4 _i_ulj J (^J (J < . '1 ni l l JL& (_ ;r j 3 Lloia j_* j 

tjjjLj^^SLSI jl^>JIj (^Li^jSJI JL>JLI j iSjUIj 4j -> m i l l 

(jjjL^j jLUl 3 . j ■ U Lu-ujj La-£~ . 3_31 i^ J | L^JliLjilj oLiiilf x^ljj 3_aLi>j 

(Jj-3-jJI 1 1 'u n j i 4_l1c_«J I Lp3 L2_i_ilaj j 4 _jjLi^_^SL!I cjIjIjJIj Aj-iLj^-^JI Sj. v 3l l_a j»jt 


. I ^" 1 7i . . d 4-ai«3JLI ^ i A Loll 


i\jj, L«I ) a <1 I ‘ mi 

• <_yLj y • 1 l>" 

* 

<tjl^ <i_ 3L>JI <ji-LiJI { j^> 1 JLjw. jj.j.t ..-..-I q ( j_d (j a -*-Lc (* 

• (JSLiIij L_jjjLii 3 JI _>-£.Lpj tiilj |jt jl>o 1 (j i ill jJuc. 

fi 

y ( j ^ 1 J ^ i i_uf 2jL»_i-u i _ r jHi^3 La.JUC- Li j ■*■ ifli _*a oi^yi i *i . r* » ^L_J 

.i^LJJ I It ljJL-ii>a] JU£. ^ jh m/> 

* * 

^-i-C.j J->-l (jr J - jL *- XJ 4 - ^^^ iJji ^Lu-jJI i j r ja Lj^c mi a 1 t j < r> ^ lij 

• JixuJl iJ 7 J 2 J-U 5^>1 (-JSj-LaJt dUj JLlC Cj 1 ^ I ^ * rr-'Ti i~ 1 ij £, 



E — 0 lt-*W sJ4*^ uj^z! <j' (£ yjy 1 ^ 1 ' L?- 4 ( l a > 11 i^i) V— 0 d_iL£ ! j] : 2^ 

* 

. t \ I’Ll La- j .>. i l 

J-«_lII i (_r} ~ il a , 3 j Lj h Q 2 — 2 X 10 - C, Qj = 5 X 10 ^C (jl.lj. Li 3 *i ^LlLjc-Ju Ca. .u^j : 3 ^^ 

. 1 ^ , 3 ~i .« i 1^} (^yJLc o S^ill jl jl 3 >s d>-jl • 0 . 5 m 1 ^ j 'ti ' 

JLL^oU^Jl (jr^- mi tiuMa ‘ ~ - * . V>J : 4 (_^ 

x=lm jud Q 3 = - 5 nC, x= 0.5 jl^ Q 2 = + 2 [iC, x =0 ju^ Q, = + 4 [iC 


127 



. I Jt/i <ij i 

•Q 3 ‘ Q 2 O ' 4 AA$4I 3 j 2 Jt 

• X = 2 i'll jJLc (JjL^JI JI^JI a Sj^jJLl Cj L bc-Jal! L7 jI_i^-^L]I JL>2U c_<_<_u_=^ 1 ; 5(_y 

jyjy (Jil! Lu3 50v jJt B j A Jjyi 'M • 6,_y 

■B j 

< _ ;r 3 yA 1 ITl 4- t JLb Jjls £Jya <_yjjj t _ r lc > ~ i £-Jjl i * < « .i o j : 7<_y 

.JSUJI 

q 4 lj ** q, qi = q 3 = 20^lC C.JK I j| 

. j^j-A - i i g- jug->JI q 2 = q 4 = -30jiC j 

43 /k 4i 42 

® “© 1 i^yL) ^3Ll J* 1 " ^ ■ 8^ 

j"-i' t 1 1 ^jLLu 3 4 _3e_Lii^3 ^ . . ,~ < v~ AjjLLs-JL) i— aiSLU J_Lc. : 9(_yj 

. i-iU j JL- ■ 4_JL<_u |_£y».S?lj 4_uyyi La_ii>ljL>4 <j^SLs J 4 i •*■ Aill ^ys jIjlSJLI 
Jljl-jJI jjlSj 4cm Lg^l a ^ yLx3 iJl u ^j ( 2ruujlj-!La j<'n- J.i isi 1 j-<s <— CL&-a ^JLus : lO^y 

:c_A^>.| . 100V ^jLyJ 4 ulr lAis^ jji-J JLy>J I Jjyii ^jj- 3 I t— tifl^LL I ,y*_2u . 1mm Lvgi-U 

, ^j^ILre_u2j^i3 1 £j*a J£ LyAc- 4 / • >■ .M l jl jJLs l .t_ai5LLl 4.t.,i .. lya 

I i . 4-Lj^La SjJL 200v j tCLsu^l^j 2fiF 4.~ t..,.. lyfl t -a : 1 1 ^yj 

. tiDi I^2> SjyLiJU 


. b j □ ^’.t-i n '!! (JSLlJI j_y3 4yyyyU 4 -ljLjj^ < v II Sjl jil 4jt3lSlll 4_4jLail JL>-j| : 1 2<_y 



^4-^LAij^ jJ-WL L (. (JJLiiuj tiiLcL-u iIjIMA SjlI, 500W L^ajJj 4-1 1 . ..i- £ . c .i. l . « ., 2 u : 13,_y 

* 

. 1 ...14 j-i£ 4_C.L<-u Jtslj jl_i£JI y_ui (jL5 I jl <U.l_u 3jJ, 1500W 4_>ajJj 

^ruLis (J_ii nil 4 AK~i < < 1 m-wL^ 
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A 1 , , . I t-N | « t t 


y^ju jl J^>- J il» it. jjLtll (Jjj3 \Llu i_all yA jj<Sl JU-a 4-u-Oj^ Llii l jLi„ii.iVI _l5J 

* 

^Q_ul yA d-j a <i jlM. i « 1 1 ^ujI < . .il _Lj & . jL)jL>Jl yA O j J < ' rf~> L « . Lvfl <_)jL>\J JkjJ_>JI tZjLoLi. 

ii mi JLS d-ij >i L-> 1. ? « 1 1 ji t a " » 1 1 i .. m j i C La (jC Jlj y J * in M Lj i n I yj} ‘tA-iJ—S 4_uJUo 

. djj JlI, I tiilj y£ I 

* 

d j. il \j ! I Cjl yC. 4 Li "... a 1 -• 1 1 ^JLc. yujj3 4 u .1 xlol UUI Cj_it5 jSj 

d j i ii j[~> 1 ?« t l^ y\j dJjjt_*Jl l la ■>• JlL<-uj^ I j_)Li jJLJI eL>. ^g> i ^ 1820 j»Lc. 

dj J-A-l ,ilLu yA La I jl d-LL^^tli-ll S^J^l jl i 'i .".",<1 j| 

j Li ~ i 1 1 (jlj^_i_uJ d-jr.-i..~.j d-L^u-ila LijJ. 1 Cj'i/L^-ll (jl d_3^_*^a CiAi i L I A~^ VI I . l . ij 

a j. . j - t . tso oljLu yC. iZl^Su 4JLj^uj-ds i-Li_a jV y ■■jt-'l ii all 4 . ...ill i yIL>. ^j-SLi j tl 

• Sjlll oljj (Ji>»lj d£^>. 1 j ij . .. 

t I jljj ^ l-i < n (_yLl d Uii’i y°i <. dJLmJ 1 jl»a Lli-a ■. . j . .'^4 cLl^j I jl 

* * 

aL>aL> d-iJbL^j (jJ J^J-I j_jS2j LuIj L*-U3j_a < ^ .J in till j-3- 1—i-m.d (J'Jj-aLc. .U^- v dj^tj 
S^Su j-3_p ,jl ylz. Jjj d_5t_tILLli djuij d j i^jSM 5jiLU (^jl a i.LJ I y^\ j j -^ 11 i , U ^ 1 1 

i_aLx5Jl (JLa-JaJl (^1 j-± i. ~ u-> (_^jJl y a i «ijj . dlaJJLaJU ^ 1 ■ .. -w VI ylc. a I t « ^ 

y 4 ‘ "j djLi i_jjJL>JI (^Jl i^jJl t .Uiill di-iiwJLi JL>JI (North Pole) ^LaJJI 

.(South Pole) i . la 2 . n 

(7-1) (_ N i.,i l lj d-i i . t i, j H-t I l_iI In J *^l i_) Lo-i-jJ ^jLiuj d l~< I ^ ~ 1 I i i IUa SM 



. d^LuaJl dJL& I 'I * S' 





i if. Ul y lkiVI v jL^{ v ) 


UiUiU v lUVI jiL:(l) 


(7- 1) JiAJI 


^jL-uJ) ■'-!>! 

La-&J-o-l jjr*. i l-> 3 ) J3i3"i ->o L^jI „1, rr i t ii 4 d j , -. <til ii a 3jLa ^_yi OjS jLtu-iVI no I jtj 

j 3-^-0 (jyjjLoj oAf- L i d qI (S) (N) (jJ l .a .~ I 

* 

4-j^ l^ldU (— dJ^>— »-JLj 4_U_5-L>- d JI . L> ^ i U « ,~.. II . ,. iH i« l I CaLvd II ^_Aa L^jljJJ 

lUj Li-u L.J * 1 1 I id I —1—3^4 • ^j_u£L^_l Lj ^ ■ . i\ > f \ 1 d I . . ■ i t-> LlLL I ^L] ^jyJ 1 — ^ I 1 I— I Ll rt 1 1 l — I -L-4C-1 

jjjjiiJI (^a ‘ ^ H £■ " 1 ' “ 'L4 *» U 2 a J^L lajl ^~*' l i 4ijjL>Jt 

. La^J jUt J^>. (jlsjVI Jj .id 

jljll t _ 7 -& 4 _i » j-jiaJI 4_jJuJ_>JI J-ljUJLIj iVj oJI_a JjJL_3-JI £yL) -1 1 . 3 ." C ^ I (j\-& Ji — aJ 

Lid i lmJ dJj^SLJIj J< 1 1 M (_p-d jljJU wLjlj La-i-3 JL>-J JL3 j .5.1, i jJl d _i . ., jt-il i » 1 1 

* d ii.nUi .■ rt ^ ^ ll . ^ | ^ 1 j 1 i ■ 1 1 j 1 1 is-lA 1 ^ ,i\ i I | 

: 4-JLJI Jij-UIL j-iaJL jl _jJ.I u^*} d L * i a £^SLajj I jul> 

IP 

• (_r 11 “dlaLuHl (JLe-d oL»\jl 4 u-a-tLa L lH I 5jU,l O-j i~i i JUu ,Ji^-LaJL — 1 

.LlUjJI djg^l jJ jl 4-i-uJl jl ^ ^ < L ^a^IoLuLa 4_i i udLl i« H 5jlit L-Uj_d3 — 2 
. (j m j laLuLa (JLacd 4 j i n_ i L) l i. il l 3jU.I (jyix. 1^1 — 3 

. d i , ,.j H li^ a 3 jLa 4 jlLl3j iLi-irc-a < dla i jLj — 4 

:4_JlU( La ^i.irv 4-i.i.u._il^ LuLa 5Jljl 

. (2a-^~ ‘ u3JI — 1 

. (j-a-ila LLLU -i i Ujde-i i 3la ^yu^Lii^a jLj jl^l - 2 

.(jjj^Lius ^ i .ijLiLuLa (JL^a (jr 3 — 3 

£j£. (jjl a iLII 4 t (J-ua.3 ^ U * 4 .‘ Li ! I aj.I ra Lui-l I y t uS jl j_^jJLj 

La^ (2>f J.i A 4-j_jJga-5Jt Ajl i ln3 j_^Laj i±. i -l. ~> . 4-i. La - 4 

.(7- 2) JSLiJI jji 


^SJI JJ (j-oLLifl (i) 


jd-aSJ 1 JUU ( 

J 30 


(7 - 2) jsJiH 



. J^vlj *>L»ol 4_u^a j vljljis (j-a j j^"- i A -Ujlx L s L i -i-1 . 1 SjLil (jl I 

(_jJk JljJljJI (j_a 3jlj_j jjij d La-t ■ -■ 1 4_2u^-La-i u mj L L i . t -l I (Jl— >J.I i. l^jIfvV i 

SjLl^I (jr ii JSLi t _ T lc. JuJ-^JI S^lj-i y-t y U ji L^La ^ « J ala ^ nj LLL i -a 4_£ jj 

.(7- 3) (JSLlJI t _ T b £-juDy& yH Lafi ^ i ** jt-j LxLll JL>«J.I aLs^lajK ^j. c . 



j- i-T . j1_j4l Jjj-3-jej ^ui j U [ I « 1 1 JL>*il aLj_Lai>- (jl d Uj , .. ill *jju£ (j^a 7^.. i *-i ~_ij 

<-— > Jl_^J I 3jJa (Jjjj *(jSLaj La y * £l (yS) (c^-i --^3 ! I j jr^j-LaJl jlIc. *_sjij>J| . 4 j m jULiill 

t 

j-ic, i— >j_>Jl 3_^ L_ljj_3j ^. j ._ » - u t *~4_i * *. 3. *.*-» lil I qjh iLy-j-filj < jn.* l-i 3 1 1 ^c. LjujJLiI I aK 

. I 4 3l-nd-) t_)J_>JI ^kl JUul 4.3 L.*.a *< r i.a~i.i, U 

jtjai) dj i , i j v-)LUlU (_w3|jJhJi 

(jJJ 4?“*^ L j 1 11 J^ LULa JLt-a j_ulj O_>o 4 -jt xTu jljJ.1 ilaJJLaJ 3j_£>llb (jl 

* * 

<(jjLjJI . <Lajlj a Lajjj_£. ill li .a. ' <^,3-1 1 *Jlilijj->J Ij oljjJI k— lj3 * JjVl 

l-O-lJ-iS *_<-*ai- > - jl^J.1 ^-*.***UJ .3.2 UlI Cjljj j^yij lUlljj^ ‘‘y I (^jjl J i » "| ! I 

jljJ.lj *4 J * n J L L. t .aljLJI j|jJ,lj *4^ m jULliLajj^jJI jljil i^Lm^l <jjLj (jjl daJJt n ~ ' I (jJL. 

. v b£!l 1j-£ 4 j I njln lim jljJ.1 (jr C.lj - 4 J . .. ila l *« a l 1 l M 

j j L— < j (_$jJlj .(i(jjL_>Jl LULc. ha ^a-iil (j^a 4_ I .,, i lUU; ^ jf. a 1 la . \. 

2 U . % > Lfl J-OL 4 J t cLij^SJt {jyj SjuLd^JI A^^lxJI ^ 1820 ^Ll L_^LjiaS! 

^L^jl J * 1 \ i a {y ^ J) 1 J " 1 Lq ^ 4-Lu3^_lJ I 

. Ujl-I Vm ijilj J^j J^Lj-ujjI jaL^j . 1 g jlr jjJj u ,„ _ i U LlLa ^j.c. Jju I kAJ JJl^iQ 

Af-^->JI 4dljj ^-i r ~ i lib l / . IL .u (j-il-J^ a *) jl—Lj f y£L ^jLiJl ( ^ -i^L-tla 1 i t U (JL_>J.I 

* * 

u^- ^jk-c. (jy-iij IjLjj *. *11 1 i. l ur i.ii jU LL i Ull JL>dl *l^o I t ~w £c_uDy (7 - 4) ( J^ ~'l l j 

.*.41*1*11 J^dtjo LijS^_a jjl jj 
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Jm lit! 


(j--<3 c L^l c 4 It i ii T-) ■ -■ i ^J < r _i.i 1 1 Jlj-i-u^ j 1 <_j 3l mh<I . 1 » j < 1 1 . ii i In l ii l l ^ r, Itj Jl 3^ 

. J |_£,jljlJ3j j-ij-al (JLujI 

jUlL! 0^ I jl 4:1 j^LJI ^Jl 0 ^ jOJ 

l£| ^h-uS I c jil £_a^ij (jl (j-^Ja ^ jU Lli-d jiil 

. u < itjVrLlj-ll JL»e-«l! ^jjLj 

jl Jijs-'i/ jl JLvJLI Ijl 2> (_y i juljJt (_5jljLa tjLS jusj 
J ' -T ~ ■ ■ il 1 fcuJI ^ys, >.. ,i la (JjLj* (j-aJaLLi — a 

4 ■ ■' j .~ 1 a j i l .-iL> Jl i^jl <_a1^re_)l (_^Jl ii !>• 

jJ^j (JjLJ I . (7 - 5) (JSLi-fi ^_Lis_j^a Jji La_£ 



(7 - 4) JiiiJl 


) I 

. dSLi ■ 


jj ljui> i Mil uiUj LT ja 

( j-u 1 In l i t U CjL_lj J L ul J—< L. 




_a jjLJL»JI 

t _ 7 -LAL— lUl i. t.ill (jL?c ill J^'l j_JiLj Jl l-LA 

^■Ln^ (jX. ^iij l-J-A $£Ll I j L i " 1 1 (jl ^jj/l i^JLlj j—4 iAt_n JJ . t J .i.u-i La L(- t _ajij. < j i: v J I cio-JLl 

jLjjJLi jLuJl (j.r, faujj i—kULI <jJ ^ < njt->l 1 i U (JL>Jll Jaj)L->>. 



. d i'll t j ^ U oIjJjIL d njj In \ I i». t $ 1 d-.*l^ ^ H cjIjLUI ' ' (jj-JI cj*^^ 1 i— 

^ i.ij ui • it 1 JL>dl 

I J l 1 ~ (jyjJl <JLS j l I.i ^l jl 4_1_*_1 _lLxI I JqjUUI dj —* 1 11 „ ‘ i < ll (JL>J»l I UJ - 1 4 
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. JLjJL>J| ■ 0 ...d~. tr. n JL* 1 I iaAii=3 * ■ j ^ >£'■> • W - *- * ^^> 4 ^ 

d U 1 ^5 l fj * > ^ ^ Jjjlu . ** ■ i »v- d I . ^\ i yj JyJ 1 j* ! * " ' ■' Lj Ml iP L i* 1 1 (J l— >*X I uLa-A-lA ^-1 ^ ‘V d 

cJj Lo£^ . ( _ 7 j J j_lL> liil l JL>JJ Jojlii. dL>o! ur^^j p^H j l j.~ b 1 ‘ b , u (Ji-^ - ^ ‘j* - d 
u ,„ d~>liLXI JL>dl lLi^L^ 4^li£3 ^Ljj-^JI JG>dl Ja^laS. 

, ^ . ii 1 1 < • t i ^3 L^^X I o u . j 1 1 a . ^ d I ■ <■ 1 1 

(Tesla) 3 jLa»yj ^ ..l d » -*", a d j ^ ^ ia.. j . LAl' i.ll (Jt-jt-all 

(G) Ls>_)-ajj (Gauss) ( jjjjLi]| jj^iLSj . ol J— > -^U (^jJjjJI ^ Ha < 1 1 ( _ 7 d 3 (T) La> 3 -ajj 

45^-^-lXI CjLL^JJ I 3 Jcyj LT^- J^Li- LJ - j0 ( jr' - ^-J l~ >L i i-l. I JUvll <_ 2 _y*JJ 1 T — G 10 < Jj i _ i. a - 

jjUa V d .r.j ■ .. i Q La j I . i 3 * a',-*- Zi (Jjojsj ^-i..i.u--v. LilLi-A ij^ .jXia • 4 _l3 

.d23>L*JLi tr LajLj P m d£^_rtlil d it mi! I t^ilj ( _ 7 1^ S^jjdl d.j. t ,.i. j , Ui l iiX l Sj_3JI 

t* m = Qtxl5, Fm = QVB sin 9 (1) 

j V^” ^ru djjljJl 0 ^m.-v 

• djf>l uJ | CjLL-^JLII (_j- 1^. 1 3 lk a 3 J 3 J ^ ^^-lULiUI ,J1_>*XI jjl uj- 1^ JjLi 5J_ll aJL 1 dJuAj 

j-J-L-i (j' lALcj V uiJijjj d _t ,t^L iIa LULL I 3_jJaJ! Joal »~ a dL>uLi (jj *r i*ii 1 1 ^ j ■ n-^JI t S 

* 

jjl (. La3d j *^_ i Li~ i i i l.j i'CU . 1 ^ 3 i<~i jl tnj Iq-L-. xjUI JJLilJI i~il I 1 1 n ~kJ 1 d!sLL> ^ya 

d-Sj_^_i d 3 1 « ~ X 1 d j < i l. « JI oj ^juS cjI 3 _i i Li~i d j i^i L jJ 1 ,« 1 jaL>o 1 ^yo j_j_*j 

. Ltyicj dijSLII jlrwij ^jyilSLuaJ I jL^>- jJI i~it /| i ... -w 1 1 

% 

* 

ila ^Lv a* jjjc |Ji>aJ O m i (J y H u^LLjLXI ^ 3 ^ 2 JLjJ I ^jlJa ij^Ly^SLlt (Jlrt-dll L 2 ^JU LtSyii Lc^j 

* * 

.4ja^L*-ILi 4 -lLl ^ ^ r dL^oLi 1 < 1 • a 1 - *■ Li . ., 3* 1 1 ^ . . . . L» I i « 1 1 JLjjLLI 

a> m = Jt: sX (2) 

'y 

j^jJLi jjjljJI (>ij I Weber = 1 T.m ii^o- (Weber) ^LSjj 

* 

:u' L^l \ ( 3 IX -4 ^ In 1 1 1 |^l LliX I JLjkXI Jpi Jb Jjl 

a> m =<^B.dA = 0 ( 3 ) 

| J)' ’ 0 ^Xa 1 11 (_)->- 1 J 3 1 4 (_ =r L*AaIo lit a <y Ir>d J ... ~> - 1 cJj -»■“•“( I ^|ya dj I - ^ * « i I . i a j 

• jrljjl (J^-iii 4ji iijl-al ij U 1 iU^aV) 

J_ioyi > >n .., ^ 3jlil cjIjLjIIIj ,d£y*jLa cjLLwi (_,!£. yijj u 1 .1 jb.Lmi JG>JL 1 ^1 Luj 
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(7 - 7) Jiiill 


_ — — — — — __ (JifldJI 

3 ^Jll jl - _ j- ~ i.il (JaLlllj Ijla ,J_u3jJLI (jLs i^cjUjj. iSLSVl) jLj-IU °j->~ Cj^LsU (j^s 

o F <L j > < u , In l HU 3j_5JI [jl _Lvj ^ - .. .t^ l_£»^ a JLrt^a ( _ r S bo I jl 4j < ,. jULulo 

. 43^Lt)b i B ^oJilio ^ i njli LlivU JLtJ ^ I jl I pjt-lJLa IjLu J^jej J-usjjs Ljit 

F = I L B sin 6 (4) 

->• 

al — >j1j B J1 >»JU 4_ial^JI 0 i_lD!l J_ji= L (±^_; — 3- 

.(7-7) jSLjJl ^-4) Lv£ jLjltt U^d>‘ UJ 

4 .^i < n j b l <.,i>_U 0jy,3j \ ^jl ujl il ^y^L_o ^ Sc. ■ i i ' I ;5JLA ^ 1 -1 *r “ „< "Lij 

* t> 

I IjL u Jjue_) • ■■ o (jt £ Ulbo IjLxjjjO JCi. 1 :....) t ( U i-u (jjl (_ r lc. 

* 

Jjbi bo )j! (jSDj • Ij^Lua (j$ jLo-l3 <J 1 aj Lj i i.jJriLuLo JL^aj_*jt-j iJlcibj 

(JL_>JJ 3 |— 3 <j-u <— ' 0 j_j_rc_o 4jljjJ (j^-oVLi jjbSj ciiUJI IjlA 

I jl cdL-JI i-UJj r*^ - ““ ^ C- ^ - b b ^ i .11 j L o l i ... kH 

* * 

(_j_wV_i_5J l (3® j- bbb i ^ j i i ,Vi 4 _u^L>JI ojua o ^-»-~ ■ juij . L i . j » o tjbu J^ej 

■ U , ., JSLJlJJ . jjij oV lj ^ T lo T J jjJI a j jij ojjLiJ->JI Jio 

* 

jjl^jo ■ *1 1 ■ ■■ 3 j " 1 y* ° j- 1 -^ 3* biL»J I j 1 ij ~>- 

CjjJLo j 1 Ju _L_r*J I ^yi j LLa I >■ < 3 l o 3 *^ 1 *' Cr^" 

1 o ^ I l_u*LLa J 3 -1 * ° 4 l-l I irljj 

. (7 - 8) jSLjJl ^ 

(jin Jl_>Jll j3jj> 4 — bJJL l ^ jbG J-b-i3 

j) JLfl-o j_o i_ i i uLlu < .1 111 jaJu& 4_lLc {jjljjJ 

.4_ujjI_lU jL^_>JI ^jJl )J jUlJI 

Oi^LS 

* t ^ 

^ - .. <U 1 1 1 JL>J.I 3jJu i_jLair»J Lol jlscIj-liI j-iS’i {j~° 

* * * 

(j^ba 4_yuil 3jjL3Jl I bui 4_> Q-iSlj . LLaa-o Lubj-^s IjLb J-O-^J Ji 5 -b bJlxj ^C. 

JL^JU SjwjJ jjJabJl JaISJJI tjl : t _yL L^3 Jr \ 1 ol 3jbl_3 ^ (j-“jbc. 

3 .. jj . >i a jL-uJLl t-LlIj jJi-lj (I) CliljLtjJl iLuajw^s i^gjl i >' j ^V* O jL-ao (_jt 3 ^^- B ^ i.i jln li H l 

u' (B°) ^ jbJ I SujLajl 

jB.dl = Ho J ( 5 ) 
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H o = 4 it x 1 0 ' 7 T. m/A U-p. 

. A-uLij ^S JI CjIjLuJI dC.jAU*_a jl jLuj tUotJ J^ljU jU*l>o (_£l 43^L«JI aJJt ^ i Ini j 

•jwiK jJSLlij j^JUJl ;_p LgTJ 1 CjI j CjIjLjjJI (3 ' laj JjjjLSJI lj-i> ^jl ^jl 
. I a j I -l.i<a I j Lo (J-<S-?SJ i .1 i y^L e (jr JuljJt B u , ,._iULULll JUJU 1 ; ( 1 ) JUa 

LiiLJI *»» jjt jUu-ll jui V 4 1 1 iiijl lju5) u*-A (_ 1 1 a 1 I (jl t J_>J| 

AjLlLl j L ul I 1 JlA Lill^oJ I Li-tJL I J L>Jl l 4-A-lii £)jSLlJ • T Oj. 1^^ t rtin ij 

1 B.dl = ji o I tjjl 


ijj La *uit j 


f 

rr jl ^ ji 3 l .~- Li ^>1 1 1 V~i i-uLi i ii jb l i « 1 1 JUJU aU-ol Lai 

— i ~—^^v cr^ J J '" ‘ J u' iUl jw (7 - 9) J£2JI ‘Ut-Ujll (j-U-JI 

pi *| U LtJLll JUll jL>ol ^jUsVI <Xi ib ^j_Ju!La jLpJI jUJ! 

*/i£_, T .aU-IIJ** 

!“O r jipli 

4 J i-U 1 , , ,1 .A 1 I J} /il l >, 1 t 1 ^ *3-1 1 1 i A ^j| 

(7 - 9) jsjui y 

U->J1 <_al i ii "K 1 .. i ,.t- j d * j !oj > . 4 ■ , ., i « i » j j 1 1 

t^ojUJI (JjJjjLjJI jLuJI jtj_U (J-ujJj JjU 1> ~ I - „ L V ( jJ -u Ja l i '* . A I 

(*_Li3 -p c_iIj iJtLo ojb -dpj L/Jib LbLij-<jK 0* L^^b^ £& -i-5J .Ln^ <-^!a ^ 

juj3 UK 5 jUIj 5_j£ ^jl IUvj .Uilll dlUJ ^o.jULUll JUJ.I . U, U ^ 

.(3) ^>UJL (f) m (=r ^KUiJLI ^UJI IjU .ULUI J^U ^..mUULLI J^joJI 

(f) m = J^.dX (3) 

J-i — «— a jbjjlj jljJJ 3jJj_lU ^11 4_*JaljJI 3_j_l!l 5 ^ , a ^,Lia 

3JML. i^LJj 4-L. \ j iq ^SUjj ^ . i. il-»l i « I I 

£ = -^? ni 


B = ^ ° 1 
27lR 


J_l!I 3 1 iT.IJi a 1 


■- & 


(7 - 9) JSJUI 
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J . ■-» T T I 


4J -.1 n 'J Sjjjll! 4 ‘M * j -<\ \ 4_*^l jJI S^jJLil E < t ■ 1 ~*- 

J ^ 1 . j 1 J ■» 1 £-a <UjJLU N ^ya (j^SJu < — aJJL 1 3U Ijij 

d( ^ m (8) 


£ = - N 


dt 


jJ^Jiil ^j—uLUI jl j ~ H ,jl (8) j (7) 3J-LUJU 4— JLuJI SjLJVI l _ f _L>uj 

{ * 

jlL _LjJ^j3 lJ7 i\ t^jdl 1 ^~> VI ^ j i n - Ja L uJ U (JjajuJI j ■ «~ 11 ,»Uul Ljljs jJ.UI 

. Lcnz s Law JjJ I . .v 4 jl 3 IjlI! S^JJI 

f 

Jpa -Jdl t_y£ | -dL^ 3^ Ld f C E 4JLiji 6 <!l 4 jJjI jJI 3_jJLil 3 I LUIj J3 

•(jr* Jj^ 3 < — ■ >MU j<J-i 1-AAj (~r 3-n iH-ulU 
3-4 J-ll J-f-Ll A (j-mjlaLliLq JLt^u 4 L I nl^-i ( I ) 

£-° i — <dJLl d-y.t_. .1 a y-ijth 4 L im\ (2) 

•U ja 3 - ^ Ud ill l 4_>-l . ii a 4-^Jl 4 _i_i_JJL) JUJU aUul j-i 1 1 ~ i (3) 

^yjb^SJI JJ3II 

jUj . CjI jJ^JLI ^11 (j i ii jLLliUj^ ^11 d<->JI 4_3 jjJoj <. Li j. 1 ^iLu U^ll ^*^^1 i_ 9 j-ju 

.^llj>U J^mVi ( _ y ji 4 j^jIjJI 4^J_>Jl 31 Ju>-j 

Jl— *-4 3jl_il jl (mjr LM lLLli. a Jl rc « (jjji '-ill ( n 1 <? 3jLl 4 — CjIjJjJ. 1 J-» — jjl_3 

JSLjI/ ^ U- ) jii 1 L L \ « <a ^yA <«"> lLu-ojI [_jj 3 jJ _jil f J j . j /iL JI < 3 U 3L 3 _ i ! i . u . jH 1 1 a 

^ " iL Ij 1 1 1 if. Li j (jr jJLx3 3 1 - 1 jljj -dl (jySJUu i ~i 1 a (uLh- > w '^^ <— Jci (^39 j-iit t-\ j->- 

. (7 - 10) JSLAJ l L 4 ^ 



(7 - 10) 
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(jJJ IjL&j (j-aj_JI jjj_^a ^a LgJ^Ljw ^ i n jlr >l i « U Jj^J-J-Jl J- J - * - ' J 5 j^»JI jljJJ ■ *■ * * '& 

^1 jJjJlU ^Lt^Ul jLaIII jjii (^yic. (J-o-i-ij . 1 g >3 5jJs jJjj 

.SjJjHI 43 LLJI J-^ (^uJI jL^I 

<—3111 (jljjj ‘*- £ *>-‘- u J ( j JL>JLI 3 j_Ju ^yl^- jJjjII ^taj^ d l jL*lM 

. < 3111 cjL3J j-ui 

. JJjJLa jLu Li-* <- £ _- r ^iiLU I jlalH (jl j^JJ L-ASZJJ 

4*sll> jJ-loVI ^yA SjJjlll 4-ubj^JI 43l Inll (j! j-£jG l_ocj 4^LiaJI » In 3 l-l-ys (j-aj 
4-LaLJI (jLjl! 4 ^LLs jl cjl3"uLa jljv! (j-a ^13 jl 3 43LLaJI o . 4j^ j->. 

. * . --i II j| d j « _■ ■ 1^ i I cjV^LiiJI ( j^o 

(_yJJ 4-3 LLs (j-a 4-3LLaJI (_)jj_>u |j i a ^£. i \Jux-usj Lali ^yjLjj-^JI jjjll jl 

* 

J> j-a^>Jl _j-£ <jJj_>Jll <_ aj ^ 4 . LaLoj ll 1J3 (j-uSLc. Lr l^. j a « j °> iiJj_>\ll Lat . 4 _uLij_^ 4.3 LLs 
< — 3 1a ur^- 3j_]J11 4 j, < <ijlnl i i II 3j-3JI jl LLsIaj _l3J . 4— uLij-^fv II 43LLaJI j_a 4_lSj_>. djLLi ^ In 

» * t * 

Jj-*-a (JjJ>- <—3111 IjL* O n La Ijl j£Uj l^-3-i-o (_£jLauJ IjLu (J^jxj L3ii-a IjLau^a (J$l «"n < ML ■■ 
• (jy-iljJJ |»j-*-J * ■■ ' l *- 1 ^ 1 <-^U3 ur^" J-’J^ U '.‘'jkl'iH JL^ll jl3 <_ i i iiLLa jljjJ 
*- i i u LLa j j rr — a (Jj_>. 4-Jj — scj j j Jj (jl j ^ a j < 31a j-a 3jj_ua ila-mjl (_y3 tjJj_j>J.I jj $L~<J 

(6 - 11) (JSLtlJl (jjS LaS ^_y jla LLt-a j 



. L3jL-u ^j-i< L^jJI j3f-ojjLiL>Jl J^iL ( JUua LaLaj 4 jAj dljj>JLl J^c, ij_ua jlj < ( IL ..II 
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3u*>GJI 

Sj3^L*JIj i3jL<vi! 4 _i 1 1 1 _i t~> l i i-M ^ L. V I .L, j-JLu-i ‘ ^ * II I .,1 A LlmjJ 

a I (jjjlS 4_mljJ ( _ JT J ( 4 ^Llo) ijj tujl^LLim JL^sJOj ' . ..jt-»l i« Mj c. Li j> 1 1 ffj\j 

<-iJ J— : >4lj jjjil (Jii_a ^LLLj (jH^^ CjV^t ^v-a-t-l LLmjJ L_<j_S 

i dijt i ) 1 4_mljJ (jr^l jj'^ j *" * j " _J LI * » t a 1 \ j * ^ 1 1 lr i*' l ii i Jta^ 

. <(J Lilj I Jjjiaj 1 4-^ I J->- J 


4 !* ><») 

mjju>- Liilj J_*_J J Lm.il 4_C.1 Li~i lull (jLa tjLo-ui a {j_a ^ • 4. lLj jjmaLLiJua I jl t ] (J^I 

. LLl j jmiA , j L, i ■ i a 

t 

43jLl p~> L ' < a (j. iinjH i » a JLs^a 2 A ^jls IjLj 20cm 4j^io > *11 1 ii ; 2 

L^ a r JL>JLl (jLS IjJ > *M i nil j 1 1 j ^c. SjjJIl of) 331 jtjuiLa i . ->-1 . B — 0.1T 

.^ll.JI 

4.3J 1000 (jjic. ijfj ~ •>■ i tj L* ^ 1 j 1 i 3la Jik-lj B • ■■ jLL « 1 1 JLLlI 4 o_i.3 jjr* ’ 3 f_yu 

S2A aj-A^ jLp 4 j 0.5m 4J_jla l-ij 

f * 

fjc. 2m Lijaj 4_ai_mA ^.c. B Luj La . 5A aj jJs IjLj I jl->- Jj^L> <. / . 1Lh (Ja^j : 4 ^ 

g .<ti...i t uUj 

5 A fljljuLa IjLu 10cm 4_*JLo J^la J-Jj-a ur^~ J^P : 5^ 

4uS1aII ^ ai U« » 1 1 ^ < .i | 4 aj °l < _ < .■ ii ~>- 1 » B = 0.2T p IrTu .a ^ .m jLL i « a (JLca 

. 3 JijJlI l LiUj jjA 


:45^L»JLi aj \j£. J5LL ( jA u , i.jULLU l _ r Lt*j : 6 ^ 

(j)m = — t 3 + 4 t " + 0.5 
3 


£ 4 i‘ l^j. ^ 01 3^_oJI <_um>l 4( _ ;r iljjJlj (j^Laj t iJUjIS” Ijj T.rn" _i (_ j Ln i 0 m 


. t = 1 Sec .Ur. «-£JLl3 3 jJ^llI 
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~I J . 1 1 




d_dJoLd 


d-lol„,t,.J Ij d i 1 i .-» 1 I J0L0013VI JULIu^l ^ j lal ■ i ■**< d_).lLd 4 jI ( _ y lc. Cj j ..l- o 1 1 

(jLa I jj . 1 Aj l .t,~' l . j ...i 1 1 ^jUJ ■ La ■ ..jjW ujLjjj— >• cij^. rr ~ iJ L^JLUjI tl-Lilj idjjLiJIj 

* 

J-djJ ^jL) U . .. j QJ2J..JU3 jj-o JL^ LI, 11 J Ju_3 Ci ^ i. -il l 

* * 

c- 3 j_ 4 _u _2 i(j^ij_al_UI Jwi frl 3-^il i-33 I Jjl jaJ Jo -1 J LuL^ j Lio j->- £_ao d_u3_uaj| 

,30,3a Li] I £300 LojlLc. LoLxj (j! ^1 tljjl (jr *iu^LiJLi IJloj (Jlijj-aJI jji » 1 ^~v ^Lj 

• dad J l t l l (j-0 ^ Lj ,i~.l. ) 

1ZJ30-0JI JLSjjt 

dJ^Li. J .i~r m t^jLa ■ la ■ -jj 3^30-0 3 . 1 < -~w » J30.3 (jji JU V idJLZotj 1I13JL0JI 

dS3ji.II Jxc. I -I. i a j^jJl j d-ijjj^aJI d-^jJ.! JLSojIj (.j l~i 1 d t a 1 ^ 1 0 31)3 ■ »~ij ‘ ■-» ) I 

_ f 

3-^-VI (—a^iaJI , 1 ,^-<)I d -•* j ‘ . 1 1 j d^uyi d-Sj in f I (jr ajJa jljv 1 tjl . djLj^JI 

* 

1—33.00 1— 33-LaJI I JlA * d £ jhi m jll 3 J ^rix-il-l 3— >J| i_)JL>- JlIxB 1 I30-. 

* » 

« l^-^J I oLojj— >. ^aju l— 31 La <-£3 A) I wfj-Ls d_£3_ >. «.LijLa . Ijl mjj Lux. 1 d_ JLc. • -3 

* * 

* <£ 3 All 30JI dSJo- Ajcujb uo.i < IjLljjjj 1 1 1 ^ ■ t ^ ‘Zj -»- '3 

<^jlj jl^UI d I min LiUj i yc. 1 -itkijj d^Afl j I3JL& I d -~2j. U ■■■-! i ' J ~ ^~ L^jI 
(J £ ' " i l l (_y^ ^x!b3X 3-is La£ 1 VUil^ a •a- i <0 i i^> dilj ^~il ~ ! I ^ ^"'j a 

.(JdtLtj (3 -LjLL4 fj!i. xj . . . B2,B i Lg_Lu L.t-.r 1 1>>~ ^glaLLa (Jixj ^Jl. . . A 2, A 1 it ■ ■ (8 ~ 1 ) 

* * 

jJ£-i-u « t3_^JI -i d - t - i -t j j_i_i_J LoLu 1 — f , j-uj (8 — 1 ) JSLlJI ^ya ^l.i i..Jl ijjJI La I 

d-^-3-d jJ I rr , 1 1 tfjy-ih Li) I uLaJLuaJ I 3-j.il) ) 3 1 JXd 3 1 j d . ■ j~ ) I 1 - -»-j j ) ,1 a . d ' <■*» - d->-3x 

6 ' 
d-jj L»J i Cj 130-0 >U ^ j- ^ - dj&33_ii I ^30^ I i 1 1 4 -x-ido djj Ljofl 1 1 Jl>- 3-uto-o 3 1 1 r ' 3 A d_L> 3,10 
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LJj 1 1 AC.j-uj 


jljj-jj l U . ... jJ I tiU j <4_3 Lil£ >_£. .u'i o t5jUU > U i ■>! >a cj j ) -i ^l l 4_c. j—lm <jl 

* 

(ji-a-i La (_j-Ll 1 ‘~'j a<aJI <1£.j—lmJ (■ l^jJl (_yS L^ia I c 111 ^Jaa Oj-uaJI <Ul j . 4aj3Lif> 

# , 

^JU < l < il \ ^ lai Luajl Cjj-laJI Jue^uuj . 4-il,u->Jl 

:45^L*JLi (j Li «* (_yJLiLa jLc. C-i j i <~\ I I ±i 

rm m 

U = (1) 


M 


oljLxJl t a! ^ U i i_La_u jj I 4 > X* jj i C. h i a i t i <" « j Li ^ > ■ 

i~. i i*i R j R = 8.314 J / mol.K 4 i <aa5j ^L*J1 

j --■ i ,-> M 4_>-j J i *<* CJ 4 — L-ajl ^ jl i <i .jUU 4 I 4 L S J 1 ^ q ^ M Lot 

331 m / s >1^*. 4ajuJaj |_£jlll 

IjLc. et^Jl l j |~ ■ g 4 25" C 4a-jJS JUC. sl^jl (> Oja-aJI 4 -C, j-lj Luat -I i(l) jLxa 

: UJlia 

: >41 

T, = OC = 273k 
T 2 = 25° C= 298 K 
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\), = 
\)2 = 


rjprr 

M 

r y PTj 

M 




«■ . w 

(jl -Jj>o d_i_aj 


( 2 ) 


\> 2 = 


^T 2 

~T\ 






=-iL°x331 m/s 
273 


= 345.8m/ s 


ilUj ^1 .1 -r~ I it. jjioJl 4. C.jjuu (j^o j^uSLj Js! >— (j I jJLi jjJL>JI 

* - . > 

tJ-LO 5-L&1 nl<l JLI JL>0 1 ' ■ t-»“i ■ .il I jli . ^L!ja 3 jJL£.J 4, A ,i <-> Lc. jLJU JU JL^tU 

* t 

. t— 4 jC^*i (ji jjal m<q JuuJI u_uwj 

JlC.jJ I 4<i.ir^L«Jl Jju Laij , 3 jj-a (3.5SCC) JUu JlC.^JI ^ajlm (2) JlXo 

330 111/ S 1 . Jusl2uAI (j£- 

U L = \) ught = 3 x 10 8 m/s 
Ds — V soun j — 330 m / s 


d = D s t 

= (330) (3.5) m 




= 1 155m = 1.155 km 


4 oJ^uaJ 1 JJ jJ 

, • * t 

L^J-J jj l — 3-Jj — *J «— . L-ojLu LlLa l,.,fl-5 4 jljU L>.1 ^lj_a jfl Jju 

j_£l (^J » *t J 1 4_al i n II 4 j I » ' A. 4_>-^JLl £j| . L ^ 1 j ^ 1 j " c ^ ...j 

3iU JjLj J_3 — 5_» (±LI jjj . <daj>J <J£ {^Ja oL>oVlj JiAJI .t-_~u £/u_J[ " " ^ 

.(8 — 2 ) JSLAJI Lx£ J^JLaJI Lyi jjllLSil 
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J ■ ^ i 1 1 


(X 


(8-2) Jsjji 

S - ..a 4 1 rtllll j»j3UI O-'O-^ 4 - 1 * Lr^ d -^ w J- 4 ^ 

‘d j-^jSli n (_^jjlj i j j^lJl Ul .T ^a__jJLi 0-^3^ 3 ~ q ^ ,l,i ‘ "3 lIj^ 3 ^£3 ^' 1 11 1 

:4jI (_£l iSjL^ljJI 4_uCJ( CjLtjujJI JJLC. (_£jLluJ <tjL9 t f 

f=-L (3) 

T 

:<j' (Hertz) ^ f 

1 Hz = sec ' 

L$J_jIaj 1 $~i r j-mj 4_>.jJ(1 J_3jj 4o->jj 

u = A.f (4) 

ji 

u=A (5) 

T 

* 

JjL> *, 1 • 100 Hz (^jLmJ Lvl^l iJ^yuD j JL u a- a jJ^oj : (3) Jl^-a 

* 

\) — 330 m / S Ij y « a tl^JI l. *u l, 5" < > 1 1 jj (_$JJjJl L^IjSjJ 4_UJ_uaJt 

A, =- = — 01 m V = X f . (4) ^>U!I ^Ijl^L. 

f 100 



= 3.3 m 
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(3) {y> 


T =— = — sec 
f 100 


T = 0.01 sec 


jjjVI 
IAL IJ1 


JaLJI j Lt.i* 


« o ; . 1 1 1 1 t n 1 Cl] » l ~r ) g 

^l^jaVI diLjjj LoJLlC. jjl— i-uj^l 

4 7c Ca^JLl jjjVI (^yJ] 4 — j_>j — *-aJI 

ijy $ i !<; < o -*■ j 4 (8-3) . “ i l l 

- 4-LL> 4_la— < a_iuJ 1 3ll2JI j „i ,r, ^_<uj 

jJ-aib eLiiil SjLlC. Ljr Js, L7 li\j 

U. r g_ 7 -Lc J a .L J u— a 4^.« ,<•..- .J I ol_LSJI 
1 . ,j' .V in J 4__SjjJiaJI (_j n .'. u (jjVI 

^ 1 .~. r j ~ j ' j .4_i.ll — *J1 4-L-LaJI i l->- 
^LsL ,Ji>.ljLll ^Jl ^ jS? I 4ijla 

i~ ll ji J l\ « H y I C. uaJl Cj 1 j I A 1 

i_*J! 1 g 1 ■ o T- J 4 ^L|j_ ( j^’ diljLJuj (^jJj 4_*_2j-dJI L^J_^>o 4 j 1-wljJl (jjVl (^1 Cli^LDI 



J^i]| ^ n I .ill . - . 1 ^ lU c. 


(8-3) jsiCJt 


LiJJj-j J2 j (^Ul CjIj J .Cj j is7 (J^-Cu ^LajJl ^Jl ^ » a ■ ■■ T1 

.(20,000Hz) cr^ 1 4 -j-jj <^i 11 ( 2 ^-SLcj ^ <..<11 \ Kj , (20Hz) 

<4 j < a -oJ I 3j-^ jrl^-aVL (20,000Hz) L&jjjj ju^_j cr*^ ^Ij-aVl Jj ^ < j 
• A » t « .i 11 C*->J jrl ^'VL (20Hz) ^ Ji LT W1 

^LSLaul 

O- 13 4_ojLa L^jL^j j-Ljj C : x u i_ 7 c-] jj . X t _13 L^jU 4_Ljj_uaJl ^1^-a^/l ^ ' L> . LaJilc. 

J) 1 1 ' « ) l 4 i m i j 4_u j) i r-it l (^yulSLul (jj . j^-UJl i nliv jJjui>] 

* 

'• La-- > j <■ j j .'- i 1 1 ^^ISLul LaLu (jL^jLiu-a .~i j . y«u ^ ,, l<f « j V 

4_i g l ^ < i. * l /> . .. n 4-i ^ i j — 1 

(^,3^ j»Lill 4 ixk \ « il l j-y . ,. , L-C. j 4 Lai., „{ | ^l^_aVl j . ■ .. , t-. -C. — 2 

• j^uS’UJf ^J r i- o JI (_ ;r l£. _L>-lj ^ j'ma ^ iJa^a nil 4 U.lj ^ jj-uS’LlII 
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j nut ) I 


t " i L^jLb ajJxuja j I jlju>- ji J j'Y *C j'L.S 4_u^-<^v?l ^jda-u^j L«JlLcj 

Cjiyua iLillla fjjSZj Ij-i i/~tll jC_lJ l J lie Jllu 111*1 (_yjJl uiJLilj 5 1 » i 1 1 4 _lC 

4_^-jJU JliJbl tUj] .1 ii aj d—SLLJl £jja l*J_: >. (jV t<jr Li-£>^l Cjj i^ill 4 _bLL> {yi jBt 

yi> < o Jl tljj—uaJI q \. J ^ 1 ajl I Jj^aLaJI . j— 5 -L 3 JI LijIjUjIj 

* * 

Ijlj j.ii^l I iju LLIj LjL&j a^LJ. 1 ^laiU d mj) 1 .-< 1 1 4^»-jJLI 4_^j, iiu^ij (_^jJI 

£j£. ^La-t 1 1 <2ij i »r> ) I j— y *i J I r, 11 i V Lli Lb 4J_l!b j— >■ L>J I j j ■ 1 1 1 cP-i ^^B 1 ml, I cZu LS 

. lLU j ^ 1 (8 — 4 ) JSLiJ !j . U^'->- 1 ju i _< ^-‘■“■j ■_} l I 


4 . . & * ~> * 




(8 -4) jSiiii 


'it ->■* «4\JI ^ 1 ~»~ *■ ■ ■■* 4 J -'-JI ^LLjISJI £yi j 1 ~i^ II LiJLLiJ 

3jLLI jJ L-ujj Jj^Lj ^yc. ciiLL^oJI j u jl > u ( _ jt b S^jsLLjJI a jla ^. i Vi f ^ < L«i> • 1 ^ Ium jj-s 
4-> ■ ~>-l I £-Lb (j-C Q'“^ 1 4' Li>3 -l i* a ^4 a tu ~>-a L^JLijijI 4 In ~ >-J £yz j«3 4_u j fr u s 

CjLi j t L~u Li3Li.ii ,ji LoJi . 4i j tJl I Q * c - L- jL, II -V yLi cLLl lZjj^ ^lII 4-C.^-u 4 Bj_iajj 

. oj jl£ 

= (4) JU- 





.1 .(2 see) aj-LB (j— j Jl*_I al J _U3 (Jj^>- j»Lal (3^-J t- 4 


(340 m / s) i— ij-^^iTI 4 £.^_uj jjjjc.1) . 0^- 
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Oj) mtt 


2d = d t 

2d = (340 m / sec) (2 sec) 
2d - 680 m 


d = 340 m 


lp! 


tZiJ t 1 ObLu 

-4->0 ^pJI Ull , J_3~ i~ j A a! U\\ <LaL>Jl 4 jj j i .-i 1 1 Jl*j 

j-xX 4-»jJU l ^JsLLJI L^jL) I CjjjjiJI 3 ' . 4_».j4I jLuijjI jLjju! - j ..3~i 

3jl>-j ,jL^ Ijl^Jj 4 3j_>-tj jjjls (_y*j La>jl mn’iI i>L>ol ^^-lx 4 jJj4-*JI I 3jj>.j 

o‘\ ^Ul £lj_*‘VI 3j ui jl . (Watt/m 2 ) ji (Joule/m 2 . s) oj 5ju*i 

(1 W/m ) (10 '“W/nr) (j-4 lxl_i_a (jjVl L$J 1 ■ j -* ~ . ..“ 

0-4 Jj>JI j- _ i 3 ■ > . 1 Jj3j . 4jjj<Ljj>JI JjJL Ju jl^>. 4 jjjLJ 1 tjjVl (jl t^£- Jjj i^JCa 

* ~ ‘ J a 1 u j (tj • * • “J - d l jj^LiJLa) Cjjj^aJl 3 1 ,"■ ^uLJa (jr 3 j djuaJI (J.L&.J (10 “ W/m ) ^ JlLI 

„ i * 

*— i 2j— *J •> ■ tj j i i 1 < 1 1 ^ j. — T — r e — a J_t ^LxljX jjLxjuiSJI fdLtLI Lijj£Lj (dB) (Jj_»_i..ij j 5 J_>.jJI 

l_U 2_1 1 


Sound Level (dB) = 10 log—!. 

In 


( 6 ) 


lo “10 W/rrr j (W/m 2 ) 3 j--vjj <L>.j 4I 3j ui JLcj 

jjiVl _L*J Ij^jJj i4.4jjjIx.jJ 4j£3vL«_i Jjxj Sjuii (JjLuuj (jt (6) 4^^L»JI ^jjJ t *< 

^jj^jjlijl lJuI^ jL^ 

:(5) Jll4 

*6 3 

(10 W/m ) LpJjji 4 jj j i jj (J _ i _i iiiiii _lj . l l 3jL>-jj t~ij 3 1 .*7. j~ , , , /i i . j ,,-w 1 


:J^JI 


Sound Level (dB) = 10 log 


Tfr^ 

= 10 log— =60 dB 


I 


10 


-12 
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.CjIj-coVI (j-ia-*-) 5, 1 nil 4_uj^_njJI ^-l 3JI (8—1) (j4-JJJ 


tZjl^oS/l « i s > .tii 4 j i j^.Vii i ^ uiii (8 1) jj. 


(dB)o>^Jl 




(W/rrr)o>-*Jl 6 J * n 




1Q0-200 


(4JUs^i)ioo 


(t^>)70 





5iLiS ijjllo c} j ^ 


-LJlLJL jj^k *s~> wilLkA 


3iJ° 


(^jli^J.1 


•)40-50 


10' 8 -10‘ 6 




M^)20 


(I^^LL)jO 



J iTli.-j jl I 4 u j. ■ ^ 1 1 jVVI 


. I f^j j A j i^LUlj j jllj (j^jLdJlj jl i> j «Jlj 4_ibjJI_j (jL^SLil cj^VI oj-fii 

3 .3 j Jibbt I ^l^~i A I 4 >.i u j Jmaj j^l_j^al VI bs I j « n i . i ~i ^y3jl 4 j 3 j i n^gJL 1 LLibb-Jt_j 

. cIjVVI ajub I j \a (j^Sbj 4 m « c, i_j_ubl ( _- r ii cl^l 3 J-4- f . I 

. t.„< i ibVI j ^hjJI CjWI J-oX. t JLl- 4 jjyic. 

dJJL> jJL^j ba j ir j fc-. .i jl ,_l>ab>- j i r 3jLc. jbjVI . H-.fi i > : 3^j — bJ ll jb_jVl — 1 

<jjL5e_a t f f I ell I j I jJLis I £~a jLjjVI Cjljlj.3-&l Jyiilj) ~~4 i(J>aL>JI (J>.(.3 j> b j j jbjVI 

* 

jjjL-ii_4 j-3j j_ 7 j 3 4_^«.^Jll (j^Sbj < 3 i < j^yujjij Llcj iliJj ■ 4-i I'.r CjI <i . . « .. , \ i Lloj 

. bijbitlji 1 j 11 3~n I 4 t a t^s 

* * * 

<4-La i_3j2aJb L i i ii a I J i4_<_3jJo _L>-1 £ya jbj-b ^Ljl>. U-JjJ (jl l i i^-) jHs\ I jl 

4_iljj jwa Cjj— iIiJLil Jl3 i-.i I j I j " *i V I (j) 2iu>.jb .-u LiiLfl . (J3 i.m‘VIj (_ylc.jb! oj — gj bl_L>_j 

. Oj i i --i 4 4.. i i 13 j 3^13 (JjLi. 4 jI^-»-I 4_i3 i (^jJI J I^ll 


(8 - 5) JSJJI 


w >■ ■■ r J 

























Cjj mJI 


j ‘ i ^Lso'iM (jLl 4 * s j 4 Li.i 1 CjIjI^IaI jL>ijl [jl Jaj».jLj^ 

c * ( 

j . < ~n 1 ) jj| Lojj . 4_iJj^.«_‘L<.u..a LjvI _jj 4 £*l ya 1 JLA .. J _a i4_>.j_U < L_i_q 

: <b jL*JL> (_yLiJu 4 «~ ... 1 1 ci Lb jlillil 4c^ui (jl Jl>-j <lLlJL 3 j_jju!ait 

f 

D = — (7) 

p 

Lillj ya 5jL>-j 4Jl£’ P J (jjjJl) (Jjj>J 1 (Jr a JuiuJ 1 JjS T i±j_l>. 

4 _>.j_o <j j 1 ^ 1 " , , 1 | (4 grams) 4.42£a (20 cm) 4jjia |*j}LJI 441 La : (6) JliLa 

$20 m/s 4 i ,. ^ 


: J->JI 
~T~ 

\) - — 

P 

2 T 
\) =— 

p 

T = p D“ =— D 2 
/ 

p m ^ 

/ 

=— 1Q3k g = 2 x 10' 2 kg / m 
0.20m 

.*.T = (2 x 10‘ 2 ) (20) 2 N 
= 8N 
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* 

Oj m i ' 1 1 .| ^jLii 4 ( 8 - 6 ) J 5 1 ^ 1 11 fjjjb _o l—c^ 4 d_tjjj_L 3 ^ya 4 *. A Ijlj 

£ \j—4 V I &JL& \ \ "1 "( °j iC tJ-L^tSt,l\ uIdL^J ^Jl J Lo-LiC. ,i < \ t LJ l 

(_ilij JSL^-yJ (J^^j_u » Oj j.'lJl^.til, \ ^ ,*V_i4 1 ) La (Ji j a ^LtJi.A ^A-£>l_>ol 

:<ji (Jl *<^>11 4 .*) i i^yA jtaJfcjua JJLC (_yJJ L)jl_4ji-o d Ij t-> (jt ^JjJI Q j . 1 1 

X 


L = n 


1,2,3 


(8) 


. ' . ^-~ 4 4iLj . 7 ^ . J ~K-u D JJLC, n J 4<^-^ll (JjJa X 4^-j^Jl Jjia J-& ^ ‘— t ^ : 


1 = ^. (9) 

f 

: L>' 

fn=— ,v= 1,2,3 (10) 

2L 



2L 



: J f 


(H) 


.CjU-iDI flj-a (_>-tuu (8 — 7) t j5> i~i 1 1j . jJijJI (-iUjJ oU-ilJI fpj ^ <i 4 n~j 
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L~l J W. M 


: 4 _lLc. a . fl — Ijla 

2 L 


f„ = nf, (11) 

Uj£^i 2a l 7) i I I j .' li x JL ^j»Jl 4_>-ljj La J. ir. ^ _!.. t i" i _ 7 I_ II Ja 1 . 1 1 1 1 m~) 1 a ^ 

. (8 8) (JSLjuJI l _^3 j-£> La£ 1 UJ L" ‘ 1 L) x. J La ^-ifTi LaJlIc. 4j>.ljVI 

(l^ i>^ 



(8 - 8) JSLUI 

jLc. L)LjJL*JI L^a Laj . t i i c. 7 4 _x 1 a. Li^^l yj-& (60 cm) <d^La : ( 7 ) JULo 

• > 1 . I 

Jjla (l 

100 Hz. 4^»jJU IjJ 4 a-jJLI jLLIjI <Lc j-uu ( ■ ' 

: J*JI 


: J-JI 

L = ni (i 

2 

n = 6 : JHU Ij^l 

:.\= 2 ± 

n 

2 (0.6m) 

= 6 

= 0.2m = 20 cm 
v = Xf 
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„ „ . {j-A 1^11 L^n /i ? 1 

u = (0.2m) (100 Hz) ( v 
= 20 m / s 

jj/s ...... .-J . (40 m / s) (20 cm) <d^L jj>j : (8) Jli* 


:J*4I 


P _ n\) 

i n — 


2L 


f|=- 


40 


Hz = 100 Hz 


2 (0,2) 
f 2 = 2f, = 200 Hz. 
f 3 = 3 f , = 300z 

.ill <— tfl (jr 2 (JSLJl^Tu jjl A i~ j . 1 1 ^Ij^a^U : 4_ulj^JI k-xjj Lj ''l I — 2 

. I jlLjVl ^_£X<JI • Jj. ' 4. O jjj !_,!£■ L$j jJSLiij 

« ^ * 

1 lips . jL 4 .,ul ^Lj>oI (j ...i i t I M ‘ ‘^43^ ^ jh° ' 

s * * t 

4_u^-ll 3 Ls4^at (jLij . 4-1.^ I . -* ''''* L (^— <-^° Ln 1^-A bjj-it LujJ jjl LLuojJLsI 

6^J ijU»0 3 yLu^xA 

* 

'. y£> 5 j .i~ . .. A U3^ (jlj3 (8 — 9) JSLjJl ^juojj LXj a a <— 


n = 1 



L =-^ 


n =2 



L = X 


n =3 


XXX 


L =3-— 


(7 - 9) jslsji 
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(8 - 10) jiAii 

:4ja>UJLi Jjvlj l_3j_Ls <j^3 (jii-U <_J£xj>U d.X.<-.,l I CjljJpJI 


f n = (2n+ 1)^ n = 0, 1,2 (16) 

4L 

f n = (2n+ l)f Q ,n=0, 1,2 (17) 
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r - 13 

In 


(9) Jli- 

:£>tf lj] 1 111 4jjJo V__J ^_!_j V obbuJI Jjpj jjpJI i ,...^ -1 

. (j-LSjJoJ I ^ yULa ( l 

> 

. Jo- 1 J I_3 j^3 ^y3 U. j~ a. * i 

340/ nis frl^JI ac.j^m j. r.r l 


. I £-^!LLa ( 1 : Jj>J I 


u 340 


f, = — = — I Hz = 170Hz 


2 L 2 


‘. ijt JlX] fp — nf| j*l Jor* i ,|L|J 


f 2 = 2f, = 340 Hz 
f 3 = 3f, = 510Hz 


: Jo- i — n a (2 


fO = — = — Hz = 85 Hz 
4 L 4 


— (2n + I ) Tq joeILi-uLij 


fj = 3f 0 = 255 Hz 
f 2 = 5f 0 = 425 Hz 




i d i~lj i 1 1 , i* r j . ., j , d" 1 ‘‘~'J 4 » _■ iU /ill ljL_& ^S) l_Li_ujJ 

* dL-LO-J 1 l^-lLuJb-lj J d I ^ t 1 (Lu^loJI ^vOJLJ 1 J I it J J Ld^ < 1 j . -K « >lj 

. bljJ.! j uilu/ -X*Jl lsf jSi j j idjl 4udl 4 -Sj^Idj i dHt-i.i.L' ( f J (_j-uajJI ^3 
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Ci 1 1 


4 I > I .U I 

. 4, Oja jSj G (oJ Lo 340 m/s tl_ 54 ll Cjja^aJl 4-£. j-lm > 4 tc.l : 4 

y^ y o I i^ll Li gLiua tUI 1 1 1 * 1 30 

S31H r~i a jjlj»Luail I jj 

^(33-jJI 4 jJL>. J-jlj (__$! 3 If- • t 3|j_JI 4 jjj 3.0 3I3J 6 JUlj -UI3JI Cj^j -^3 < nj • 2 3-u 

* 

Lft-lJ 3-J (_ r 3 4_j_«_o ui C*^kj LjvI^_oI ( 3 IA— .i ~>J 1 ) Jol_jJo_jJI (jL 5 lit : 3 (_)j/ 

1 4j>»^Jl I J 3 t*» jlo < t_i. ,<!.>• La 7 H z -IOHz 

J^laJl ^JLo La (20-20000 Hz) (irA-J £- 4 J 4 ^._gd 0 -ml I 4 --UJ i^ill .U 3 J |jj : 4 jjj/ 

SS-C^q i nU 4 -u 3 if>ll ^Ijja^LI 

:>■ i t.ii>-l . 3I3J 5 J}L>- 4 -i Jo i 300 jJ_uaj 4 _u 3.1.0 CjLj - lui jJjja : 5 3^/ 

i>j3' (I 

J. u^-l ll (<_J 

. 4-3-311 J^La (_3- 

: Ur0 La : 6 LT 

* 

. a 1 j_l^ 3 ^ « . o -<-u-i V i-LL La I-J 3 1 /-) tijj jllo I 3 3-1 iK j I _i_>- j_j_o ■ jj-aJ Li o-aa^ lit (1 

• jO->_La 3.. >i •> ■ jiLIajjLj J_L»J I ^y> 4 x. 3-qata 3 i ■ ■■ 3 jac_) (2 

• al^Jl (j,-a Llij-iaiJl 4^3 _u JL>JL>o L4J ^j to~ 1 4 Uj . .. I aJjjjia 1 lip : 2 (3*/ 


J > 


4 X 10 W.m l q 1 . 1 L ',i 4 j ~3 uaJI ^-tj oVt 3 -a 


: 8 


13“ 


. ( J-j-u-uaJulL 

• 300 Hz ' ■' J 43J3J 4 j - rtj 1 113-II CjLoJuU (j-t^LuVl aj3-jJI 3^ '**- I 3 ! ^ j_Lua ". 9 

S 4 _JLiJI 4 - 4 - u_g_ > J I 1 i < U djljj ivjJ I La 

* 4 1 ^ 4^ ^ — * — i-ol La • 40 cm Cj* L 1 1 "< .-^ ^ <. ■_> i ; 10 ^)-u 

S L^>. 1 jjz t J I jJo i j 

dj l . <* - * — J I cijL>-^_ 4 Jl^io I > 1 . 50 cm jl_>-Ijj " zi a <. j ^_jj i • 11 ( ^_ u 

• (J^ 
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f. ^ uall 

<La -Xd_d 


^lj J—d-b . J j , .1 ,i~i ^jl_L*jjVI JjLdv (»>LiJI U-° c j -t. rt H fddl .4-0 

4J-i 4 jJj l .^t.. .. p * 4 JjL^J <j d U I -> . L I *1 ■ ,.-^S?l £j_d_^._J j d . ll lj (_) " d 1 <i U (jl—cujVI 

<-iilj LcLjuii (ji ,.,’'VI JLi-ujI i-i‘ <■<.’> ^ujj 4jj)pJI -i Ld j„c .VI tjLS a-Sj . tl_j_uL^I 

Cr^ij I (jj (V_u_>J I I («J L*J I e Lv ^L>- I juLi_u _j i d~ i r V I I j>-a ur^J • b* 1 f* V f 

^Jl 4_JI j, j, 1 1.1 ^ . .. -> JI ^pa djuil <_ i i i. ii i 4jj)pJI (jl l/V i —‘ *J- > " jLdJlc.Vl lAji 1 • L . 

* 

. LJLv dj I jii.X iVIj (_puL£L»jVI ^T_il^ jdlijua j-jjSLJI ^<JL*Jl 1 jus j-LaLUl ^jyc. 

* 

* ■" d . iuj^JL) 1 ‘ij j « '”•• ‘ ■ i ' .." d d 1 1 1 JLSLiil ^pQ 5^ ill * j uaJ I j, L l~ r 1 oV < Lc 
^ j.v i^>~i oL^luo. jj£, 5jl i -c. (jl _j-ii ^ 1 660 4 « i o j ug jJI 


uil] j . c ji. ,j iII 4 i <v j xi ~*J I djj l^j 11 i i a^p»j d i . 1 j . 1. A j 4 -JLc. 4C^.jui 1 

j ^pc. ^p>.I (jy-It (jLS^ 0 (^p° (_) d~ j~ d i*ij i >< 1 1 d dl t-i il jjL) (Huygens) ^yidtjLjs ^cJL*JI I 

4_ax_2_i_u_>J 1 d l-i ' 1 1 Cj^ ■ ■ ' 4 JlSJ . <■ j iiaU d i ^ j 1 1 4jjJiijJ Li ^ ^ ■ ■■ ) Ld I JLA j d i ->-j r 1 1 4^^_>J I 

t 

( yLlLd Lj l^pl, I ) d t j .i i --» 1 1 U. , .. 1 1 ^c, 4 _lj 1£Lju 1j d ^ ~ a 1 c- j jJaJ I J 1 <fu2 J I i / i . .. 

4_p-^Ii 4jj_la_UI £jj^j£ I jui . ij-il"! ^ * o iluaLUl ^U,,.ll ...Ur. & jjiajl jL^SLjl till j^_a 

^yjJlj jL^jSLjVIj (Jii-ljuJI t^jLy: ^1 d^UbVLi 

• 4 id i ii •V'J I 4 w Us i ] 1 i -i i 

^L ^ -^il i. , j , n~ Lylll 4 _jjjJ,I 4_jjjjJsJI 4jLuiVLa . 4_uj_d 4_jj^a (jl_c.jj ^ 

uy JIj-LsI j jua ■> ij j ^ydr , u dijll tJ^ULl u g~ <~j j^->-VL) I JLpj t>jJI ^gj na_Jl 

.(Visible spectrum) ^>11 ^1 4Jk: jlLd Ld IJlaj 4XlO' 7 m 7.5X 10‘ 7 m 


Jj-d3 Lr jJI 4Jijjikli 1929 |»Lc ^ ( de Broglie) ^gj ^<JLJl «.L>. jLaj 

* 

4 Li - t .d 4_i._j^iJ Llj^ea^a_d t j_jSL dJjJeJLd ,JSLb .4_u>.jJ > lj d , ^ . , ..-wl l 4_p-ljjjVLl 

(jl ijA 4 - Cy^ J-? 1 _la \c j . dj\_» j ( u ~>J1 j^pd 4 ^ ->- . .-v j 4-3. 

^ * 

^ tXU,J^j 4 It j-duj (jjjJiSJVI 4. 1~ i 1 S j ; j) 1 « ~J 4j>.j^dJ L i q-.-v-j^ r, 

(PllO- l1>Lj_jjjj 2JI L^^lr. (^iLsl 4d l I*. I I Cji <1 j i n~v. j^pd ^jdd d ij ■ >■ i j (j_jSLi d xj j_iJaJ 1 
. j^-Ij (ji 4 ^j»j jCuia^ 1 4 1,. . j jjl jjSldJ dj-iiJI ^jl LLi .tons) 
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1 1 


^ m a < nlL^ 1 (j i a (^ajLj_u 4 i i i *~i a ^Lul>-I ■ ^ o ■ -'^ ^ Ll (JSLLj ^ lm -s -N I * r. . .. " ‘~ j 

<jL_iil £yz Ll j c. \ Laj ^ jH tjr ii 3 4 i i ts\ a j j r. |»L^u_a»l_a L&^.j. r. j j-uLuallj * ^ T ' " J 


j»-a a!lj (Jj>3 IjLa- {jr&3 lA jl - /0 J Lua^i-i « 1 < --■" LoJlIc. ^ ^ i c. ^ .X « i~ 4 -ju^ju3 

£j_a_j>- (_ 3 Js CCLCi-Tu 4_ l_yJa.II j < r (_yic. Jojgl < ■■ 11 c j i ^ Jlj . I .* j * j L-»- .^. Vl j 

* 

4atii2 {jA ^LLa ^ ii ^ <~ i ! l z t) i <~> IglaO Ojaka*- La OLS ^ < ^— d)LiL>o'i/l 

^.n,<] «,n 11 4 « jJ^LDI ij c ^Jl j__pjSL*_) jl c t ^. (i 11 ^3 4_1)1 (J! jLi_i_II ^j12j Lcj I I < 3 

* 1 ^ 1 1 f d d\ i *< 1 1 

JL3j . LujJu 3^ 10 l m/s ^jl.^ Ls>_jJL^-jj jMj-dJI t_j_Lxll A..C j , ,, e.Lol*Jl Jl2J 

1 i-liJ LgJljJal (j-uL^ 4 j 1 nj lo LL L ajj^fi £-l^a! 4 jI ^ylc. <\J-‘-^ l -JI (Jj^uSLa fdL*JI j ■ ■•'•* 

. 4 j 1 11 _it-i\ i » Itj 4_uL^£LII O-i I jlil i 43^jua jjji 

Reflection (j^LSLuVI 

^C,jA >- 1 ^-1 1 4 t-i/i 1 ^j_a (- I 4—i_3 (J a ~ > » ^ jJ I ^ 3 ~ ■ ■■ I I i_La_iJ 1 a ^ • ■ ~* ( _ T lc. £c_LLa-u a 1 I 3 1 

4^a^_asJL L7 -<i_tii~ L^jL-3 5jjL?cjJ.I 4_*^i,Vi 4X. ^-< 1 — y-a LiJi-Lii <jL^ Ijlj . j_tia Jl ^L*_jJL 

4 a I l-~i a 4_£jul ^3 4^j~ ,i,n a 3 1 j>— a ^ -^ ■ ■, ( _ JT ic. - _x! I ^j-a 4_a j. t o 4_a^jv 1 i l-v a < ul . d_tj j-C-xl I 

i ~ . . ,X « *i I ST jJLl ^ r A t-i A [ ..ill 4j ) I jJtJL I 4 Jzu u^\ (jl Li J . ~»- jJ 4_>jj) ip J 1 5 ♦ ,~,V I jj j ,i -a L.-I,.; iz 

t * t 

j (9 - 1) ^Caj-^o j-A La£ ijl ..n A L^J O jJejlj 1 u-ijl 4j j \j.Iuz l ^ ic 

. ^ i 1 1 u-iil£L«jVLi z\ mill 4j_jlLauJL1 ^jUinll j^c. (j^lSauVl (j-o l-i-* 



Jj 


T 

tjl ■ -I a 1 j i a i V 4 i_uSLnJLll 4 ju-JuVI (9 “ 2) (JSLilJl ^4 La— ^ 

- ^ Li~ 1 1 1 j_ if ^uLSLxjVL ^uISLxjVI LiUj 1. 1 ^ 1 1^~ 1 1 4"~i i^i a LfcJ->o 
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ur\ 1 \ 



-»■ -i * y ^ 


(9 - 2) jLiJi 

* 

5LiJ p l~i'i i 1 1 j-j-C (JjjLSju^I LaI ]Maa Llj-U (jjjs jjaasJI (j_^Li p l*>~ ‘ M ^ISL^I L*iuj 

■ ^1 I,.|-^>U j 4_Lc L iujl) (jl l>^L? 

L*_lj ^ la i .1 (^i (jx. 4_uj ..-I 11 4_»_ii^l ,J, ‘S. « ‘ ~ j ^ISLu^U (jl —a j A ^jljjjLJs Jl^jj 

^l_* liJlj ^1x3 1 mil cj » .HI ^_Sj La (j-LC’ (j-uLS L tj^Ll (jj_)l_2JI |_j/~i Lj . t^rujjLaJI 

etC JL>.lj L gj}‘i>.u_fl (_ r 3 I Uj ,~ . .. [i dLji I ( y J a { _j_*jS"L*-T 1 . .1 It (jj-Lc. (»LiLU J^aaJlj L yS*A \ 

4j_jlj l£jL_uj -L>j 7i «^JI 4jjlj : la (jyic. ^a.xjh j^lxll ijjjLSJI Lai . (jailaJI 1 a t nil ^ 1a 

* 

4jLat_$Jl 4 jjI^JI ( _ r A lL>jJL-uJ 1 4jjlj jjli (9- 3) (JSLiJI Ly ^i jalsja j-& Lafsj . Lajlj ^ISLuVI 
4 j_j \j La I i -lajy. a-ioi I a t-> 1 1 ^^a (_>.ai 5TL » i I ^ ti . .. 1 1 (_j-Lc ^ 1 * 1 1 I j • L 4 I ■ ■■! I » 'Ll | ^_) 

j^a 1 _^u5sL*JI Li i n I I (j^lc ^laXI J^-aaJ I j ^ % <11 ^L*_LaJI 4_*jaljJI 4 jjI^JI (_yul£L*jVt 

• L A • ■ 1 ! 1 d n ) 

f^lDI JjAlJI 

'V iylj LjU, / 


rTT7 t I ft i r 


(9-3) js^ji 


Lljll Oi^J 


* 

4-j-laca \jlj_a Li-iajl £j\ a i <i 4 (^^Jl Lil^-ll a t 4_jj i^_£j <LjJLi_aa jjLtljj LjI^J.1 

(jj-Lc- Slj-ll <—£ . I ^ t s\ 1 1 i ^i~v j UjX\ ^_L* (^3 (j^SLi 4.ia.i^ ^jjaxiij fljjiia Lil^aj 

jalixa ^ \ ui Jj <^ o J ia~ ua (J 1 ^ . 4 ilr a Li^ I i»I I 4_»_4iu^l tjj ^ a Li i u p . .. -w 1 j i l 

. 4-iJaaJ I ,j a 4 4 i-Lil-tj <_aL>Jl ^a ^ t-> * 1 1 jja l_JL>- L>I^JLI 
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— J ^ 

Plannar Mirrors * 2 y ■' 1 Lji^ii (1 

* 

*(0) Jla <Cu r i3aua d l-i^ i Ljj-3-l *(_]_ruiJl j^l dJbJjJl djui'i/l .lljLLal ( _ rr Lc ■ ..->~ V1 
<Sjl ^3 (jjJ] 4 a- -i-. l . ~ ., m ,..a Jo^JLaJv ^ 2 ~ '" 2 U 2 *!l jjjui d i; . i_m 2 « r.. S\ (jUs 

2 t-> 2 ' 1 1 tlUj >■ ' ■ 11 "jJ ST^il ■ dl>- 4 U .2 < 1 1 4JLflJ (O) 2j j * t3 ^ (]~ l *' 1 4 La 2 i ' 1 , .. i Vl 

^yM Li.<i "* ■ I < — i J . 1 1 ^. lf . ( . ‘ i"* ! i l 1 1 A £ ‘f- CLla^iSLjLJ Lii o 1^-1 I I d i ' j . . ■> 4 1 lLLuij 1 

/ (9- 4) JfLUl ^3 Jt-uajj-a jdb La^ ill 



.(9-4) js^ji 


r 


2jj 1 (O) 3jj) i.'i-il ^xj_ujJ (-iU jJ^ ^ rt a >41 \ $ t tlnj-A f (O) 3j_$_uaJI 

l ^ U 1 2" . ^5Laj j 4 ■ .X « * 1 1 4_» jj v il al J~i a I {yz. L2i t j 4 jl_> V" 11 JJ i^aJ I ^ 4 .jlLu&j 

: { _ ;r b Laj djj~ . ,. 1 1 LljJLLi 22i£:J(l jj . .-. T I y .-w 1" ,\£La-i j ^jwL>- (_yic. 

^a_aad>«Ji ^ ' ...I J q-Ls 1 

* 

. LiJajI StjJLI ^yC. ^a-i...u->J I JLjlj ^jL-uj dljJLl 3j_j-uaJl Jjlj — 2 

t 

^ • nJfcU 4 i . .. i tl i LjjjLr>- d . . ,j K. * a 2j j i .-. H — 3 

* 

.Sl^il i ii l-J Jij) atl 4 jj_jju 3_5 ^a^ujxJI iy\-i J-uaijJI JojJl — 4 

Ig t a >■ ^‘v d i 4_JLij.j 4J.t~ » a Lajlj 3jj,i^»lt — 5 

.4_oa^jJl LijLtjv 4_u j.i 1 1 33-^>-Vl ^j-A (_ y ^2 LI^-LI 

Spherical Mirrors ^ u 3 j sj \ bt^ii (o 

La^ 1 i ibj . ^ i ii ^_yA (_j-u^L*Jl L^-Sr In i u 3l^_d L^jl—l 4 _> a > ^.-11 31^41 i— 

LIj-U U^i 
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will 

Concave Mirror :3 jjl 31 i Stjli (1 

JlolJL) j_p 3 ^j_a 1 r. C cLb^_>- 3 ^ yl^ l Jl? I ^Li_cJI £j-q 3 j_jLd_ll o\ ^ - l a.<-u 

.(jji^L»JI ^ U i <i 1 1 |»Lal (C) SjiJI (9- 5) 



Convex Mirror :3jaj>ai Sijil (2 

Sf 

_$£> I — a — £ 3j^J ^ U i..! l a- 3 _jj^£JI Ll^il ^ya 1 Ji— & ^t-La i •• < i 

>L j^L»Jt g2a mi l i— 3J->- 3 j£j-« £-3jj (9 - 6) jJSLUl ^lojjii 



(9 - 6) jjcjji 

4-oa 5 li j> > - Lll (R) 3^£JI jJLajJ lulj^jj I I j f i (C) 3 ti 3 ’ 1 1 ^ n . ,.~ 

* 

LT^ 1 < 1 C I J-AJ ^_ l 3 ~ III ft (jjl (j^£j i±L! jjj a)j flU J ^5x.~J | ^_Ll3 l 3 . i ^ Jj . ., I 

I (__j <i i iMJ iSl^l I < — ■ <Ja-aj ^ i n" ^ 3 1 ^j-Ll > >» i <Vi < a (_jj 3 (P) 3 t-> 3 * M Lai . STp_L I >- t-» ■ .. 

fijf" ■" *> lLs_>. ^Ij alkali u , u-u jJt jj_»J,Li J Sj-A^ Sljil I „Ja3j jUI ^_1 3~, . .. X 1 

* * 

^U-j- (_^l JjZj dlSjjj . Lj^li Ijj-a^a IjUC. Igjlf 3 U 3 ', 3_j|j j^£J| jSj^u j -. > 

(9 - 7) J£A]1 J^yij • 4 < '> 3'| L ^ a- .La.^ LojaC. (ajIjCLal jl) 3jiJI J 
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______________ 

Sjcji'i/! ,jl JL>o 3j-*JLs 3tj_a 4jjljJII,l 4_u_jjiaJI l ya 4_a^>. LJta-2-i-ul 4 jI 

+ 

£-3^a (j *-. . .ij j ljl_>. oj.y.L.r> a\i 4 Li gj 4 jjj ^4 1 Vi i aj ^ .. j'ij-H 4jjl^.a t " ‘ laaia u Ijl 

j_a^_L_uj JL t J L Sl^Jll t i L^3 ^j-u Ju_jl 4 jl .-^.Vl aj^jJL 4 La^i-ill $JJt> 

* 

Lijl yi (J 1 .^ « ij 4J13 SjjjJVj IjLa jj j JLU SljJll (jr JL ; - i-LsiaLi-u ^1 « < a (jl-3 4_jic. j . f ^.ajJLi 4j 


. 3|j- 4-U t _ y l.i4i) l ^l J^j r all 



iZju -< - ■■ l£Uj 1 _ 7 1c.j .4oJi^it SIj-aU 4 j i .ij ‘jJl SjjjJLi 4 la ii i 1 1 ^ jui> . (9 - 8) (JSLjJLj 

.iLa}iJI SIj-Uj r II JLtiii jjjjutll 3ljJL) Lai SlptLi 4jwL>m 3[>_U 



: ij' lS^ La>j^So jJa£ ■ * i ,_£^Li4ij 4 jj^SJI jl*-l!I ■ a « ■ 



( 1 ) 
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*31}L*Jt jjui d_i_i_uJuLA J (9 - 9) JSLuJI 





j^juaJI (jtJi L ^ . j-T 1 <lLLIjlII 4 % AVI -J -L/.al ^^Lc. ^L< >i->-Vl jjl Lajj 

is-\ II Lai 4_JLL jl JLjLv (_ 7 J j= - L^JUJ-ft->0 ^j^LaJ 1_5^ 4 J 3 J 3 >■ ijj^j J-3 Sj » 3 1. 1 Lil JLL 
. JLL. Lyic- ij£-4J Vj 4_JLp- Lgjtj^^a 4 _iJl>JL1 LjIjILi 31 I 1 

£>jjjua]\ JUlJj (O) SljJLl (jjL ^ j, M .->Ji JjljJ yjajJLuu :4jj^£JI Llj-aJLJ ^Lx!l jjjjLSJI 

3jlc.Lb l^JLc j£l juL! . f l_3j_>JLi <J Ljj-joj jk_3_a ^jJ-JI . 1 « Jl Lai (i) _j_a^JL sT^JLI 

* 

j j> 1 1 IjljvIj 4_jjj^LII Llj_aJLl j»L»JI (jjjLLlI -jLuVI CjIjLLV 

; (_jJj La ^3 ^vaiir- 13 > 3 ' c L3J I j 

* 

3_)j_>J.I Sl^LJ f jl*jJI j i a m i 1 1 i ~^ 3-a 3 j » a. 1 1 3i j a 1 1 f juljJI — 1 

. LJL 

5j f) lLuL 1 lil L]L_u (jjSLjj 4. a 3.j 3_->. 3j^.<^>!l Ijj l ■ ^ (i) Sjjj-LI jlju — 2 

• 4_JLL 

< J, 

‘'-LLL- j^LLsJI i a ^ Jl Jlj_> (j_^d L-a L ) iL>jjO ^ nj 3 >JI ^ ■ ■■ --tl jLu — 3 

. LJL*/ ^ yLL 

• > 

fLJI LI 4_L3-j-a Lajl-i 3_LL3_>JI jLuVI ^ j_j_a^l ( _ r LeJjj 

:^JLJI JSLJI^L^SL 

^ + -L-> .'. P) ' ' 

O i f 
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. 4 4 i f .. i i A 4Jijj V-> i 45^L*J1 0 Jl£> iajus CjLui <a ia 

4j-2-uu>» 5jj^ 1^1 11 jl 4 j2.i- 2>. 5jj) II (jl ^£--C-i 5j> «2ll 3l^_uU 4 i .. jiIILi 

jJt La_S 4-jJ L.I--V- 1 1 (ji}-3 f ya jjiil (o) OjL£ Ijl 1— <o I f j— l£ 1 (o) C^-iL£ Ijl 

.(9 - 1 1) . (9 - 10) u^iJI 



. 3^-iSwa j 3J Jluuo f 4jJ 1 3j \y^> <j^SL> /o jjj3 (8 ~ 11) (JSLcTuJ ! L« I 


-*t 1 h»- 



* t 
4 l! 1 ■ 1 ^ * 1 J J^ - ' 4 j l (j Li ^ 1 ( 9 ~ 12) * 11 ^ Lj3 4j JL >%-l 1 o 1^-1 1 ^ L>- La 1 

. Aj » I ^ a a 4-1 J.~.« o 
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tj) inll 



^jJlj (m) magnification ^ jj ^ ijVlj 

:4_JLiJI 33 j 5L*-!L ^ ...->. U p 4 j i. n.'J'u 33 ^5" l'i 


in =. 


(3) 


o 


(jtj 4 j3_ i irw . ojCf 1 1 CjjIS" Ijl ^._l.i < C' 1|I (jl g_ViIL-u-i tfJJk 

# * * 

4_JLi_i. LojIj 3jj) rr-Ol jjla LJLu III |jl_£ 131 Lai 4j_jl2_a La3lj 4 _lJL2L>JI 

• 3Jj.Ii ,aa 

t^jjJI Ltjjj 3l^ (j -a (50 cm) julj £-usj ( 1 0 cm) 4jjla • ( 1 ) JLLa 

• 3l ^J.1 131 4 j j5~U 3j j) < ■— i 1 1 (j-ol jl^-jI . (40 cm) 


3.) jjkja (< > 3j i.L ( i 

: oj. * 3 a 3lj_a (! :(J->JI 

_L = J. + 1 

f o i 

J-=-L + .J 

40 50 i 

.-•J 1_ J 5__4 1 

i 40 ' 50 “ 200 "200 

i = 200 cm = 2m 
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- ^ul^.1 1 ^ s.o h T I 

t II 3 j,A S^_i5>LdJ d ijl /I iA d 1/) 1,1V A J J iaH'a 

200 , 


40cm = 4x10 cm = J^L> 

: «Li _i> a o\j^i (i_j 


1 _ 1 . 1 

t -“ + “r 


no" + t 


i i 
40 '50 ~ 

200 

*. i = cm 


ijjLn > m j i j5~ ! l_g 4_JLji. * jj i ^ 1 1 d iU . ,i i L«j_j 

200 _ 4_ 

9x 50 9 


<UjlL*^3_j i a 5j^.u^ !Lh 

40 4 

— cm = — x 10 cm = Sj^Jl JjL> 

9 9 

Refraction jL-ij'if l 

* 

^jUi ^fiLa slj^JL£ l~k ijjj £rui lit (jjlc. (_yJ_j-u3 fcL« ~ti iilr>Iix.u Ijj 

_ * 

. (9 * 1 3)JL-J1 ^>-5/1 juLLi La-i i i (j ^ «-L) Ja-SLuJI ^4 « AJI £ya 

4 i*\ Ij ^ I jjvi (Ji-^t All L-i | ji.lc 4-iiLjiol j-^c. jls >.U^LlJI ^4 ji.iSJI jl LLa 

£ru r j >>» 11 (JLSIul i?L>o 5J Lil 1 SjjSilii jl - 1 U> . ..j ^^3 ^.i. a~t <-u.a Ja3» (^yS j>-xi.u-i 

^-La-uuJl (j-Lt |»L5II J jy -a _»_i I (j u 4-jjljJl ^ - • ■ ~j . jLi.ii5Li5M 5^_£>U'u ^ <i < ii~ (^3 LA Hi (jdajjjj 

. jLt^i£Li*^l j.u&X\ fU-jJlj dajiLt ' dU)ii JlIc. 
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£ 3 iJaJt 



tjA i nj (_£^/ jLuj£LjVI ^jjlj ■ ■ j -la tf ii i.nj I 5 jj!j <_i_i~>. (ji_i d 1 i.i> >11 <jl ijl <ir. C - 4I jl 3 J 

» * 

(jSLfl-JJ . (jrt t"l 1 n^J I (jv) ljr l i u I 11 jl ■ .X iNl (JjsLjLAJ OjLoJI I _1_£> 0 ' ■U.JJ LojIj ljlj-4— a (_gjl I.II 1 

(jlc, L u la L)j cil!j 

sin 8 ; 


= n 


sin 0] 


21 


(4) 


J JjiVI 
JULIjI 
(J^a L.t_a 

1_5_jL-auJ 

. Lij^-Sj I jlj>. I j 

• !_) Ja < j 1 1 ii 5 i V I (J-oL*^ 3 (9 - 1 ) (JjJLaJi (ji-i ~r Ljj 

ji^i (j jit .ii (jimi jLi^SjVi (jjaLtj) (9 - 1) (Jjja>ji 


1.00029 

,.l^j| 

1.33 

(? 20 lt^) *01 

2.42 

^UVI 

1.5- 1.89 

JT ^OJI 

1.54 


1.38 

(%30) jS^J! 

1.36 

J^JI 


>. ln i n ^JI ^25 4aj, 3 1 n T 1 4 j^Ij 0i 1 ^ fVJ (_j 1 1 u t 1 1 in^ 1 (J^aljt^a n^j ' ■ 1 1 - 

4JLp^» ^j3 1 u 1 J I (^j-a l ii t . 0 ^ a i..ij i In 1 iii^J t . .X iV I 0r 

( 2 .L 1 _i— ] J. 1 1 i" I j n (_ftlLl 1,1 j ... ^1-J I (^J -A I * ' 1 ^ I .1 . . r 1 U 1 ,.j | C I (^y-Jj p l J -A I I V_l3 g^A 1 ill 

1 * 

«■ I j < ? ! ] ( 3ili U jl 1 1.5.1 y\ (J^oLt-a (jl JL3_J IjLawlj Ljl . ,. a ( Jjit-i 1 1 j l . ,.5‘i VI 


165 





Jul rt 1 1 


1 jl& u2j« ^1_ ujSoM-i (Snell s luw) (j_jjLJL> (4) 4 J_jL*_U i_ s^_*j 

• L« l I I 

nj sin 0j = n 2 sin 0 2 (5). 

4a i "j-U jLi..! ^ j*^l n-) j 4i i ,i^LS i _alL-i 1 1 jl 111 ^* 1 ^/! L )^al « _ a nj <*’■'->- 

(9 - 14) (JSLjJI U£ <Cr jlifl 



(9- 14) jfLiJi 


JLc. b j i i-uSo 1 : a\ .A j~. 4~L 1 (j_a 1 v L, ^ . t-w> .1 ■ .1 ..1 Ic <01 • -~^ > • 4 -J jLa) 

* 

^4 < i*ill jUs < > j)J I t ii^v 4 (3^ ^ * * ^1 jjL^SLiI 1 ^ 1 1 ^4 C- ^lIua 

4_)jlj jljjjj . 4)j) ii 1 nil 4irtJ? 1 jJul (J-uaLaJI i^ic. j»LiU (jjC. _ L«" it j.i. X i U 

4-j^lj 03^4 5JI >Jl tfJLA (jr^J (J-ual—iJI gr K 1 11 1 I Ljjlj — a ^l— * 4JI j — u4Li-i (jl 4aj_ia — uujt 

S^jiiLIa ‘ ■ ■ ■ .' 1 g <j ~*-j ->.11 AjjljJU , si , ., 1 1 Aj^lj ^ ^ . ..~ n 9 0 (> t _ ;r J 1 ciJLl^j j_ib jL-S^I 
y6> 1— fl-S^ 5JL>41 OJ LA (_43 y, yii 1 l-i 1 1 Jt ill ^.3 i u_i ^ r o_j_a_r». j-j C. JLjlj ^ ■ .. >11 j^4L) jl i 

. (9- 1 6) j (9* 1 5) jnl S . J ii. l I 
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< 3 — *a!I 


C/ 



4_djj_ « JL I 4 j « i i Ira 1 1 j j ■ - 3 ~ t 0 JL& jl i_aSLi^l 3^_jSLLi * I ' " ■ ■ ■ I 

* 

4JL>-Liji ( ^>i- T i — a 4jj(^ •> i.rajt ) 4_iiL>JI ^jiaj'VI jal * 1 1 j-n J I < i . ., ^jl .< ii j. . . J I 

(^3 4^11^ ^illjLj ,Jald L^-l 4aaJjiU.I *I^JI ^ajia (jitjjjJIa Sj-i^laJI 

1 4__J Lc. 4 _l2 L& *-L a -i. a ^ ) ^3 * ~1 - * u 1 1 ^ 1 £- 1 ^ * ' L “ 1 ‘ ^ A 1 “ ^ . j ^ I l 1 1 1 1 1 i^j 1 n i t^s \ | 

* 

j-&Jj j^LaJLl J_^<uJI 5.I.«~!1 -l<3 j^JLn 4«. JiiVI d_L& >UL« ^j—y , ~‘ ij^ 4 ((J^l 4a 4 !^ . U , ,. j 

Joj 3 < <|J| 4jjlj L&jSt. ^ • 1 ^ '■v ^ySJ^\ jtLxial L ~ ‘ 'J ~ ^ ' 1 aK , 1-. j a ..il l Llljj 

* 

li )- 3 c) ^"' *'' 1 " 1 • i -l ‘ - J - J> -J 4_uLl (_yJI I » < <-n j Lli£> LaaiSLul 4 « a.ti V 1 3 4->. j— >J I 4jjl^_Jl 

* 

<-ii) l»LUU J^jauJt Jya 4 j^aJLa j i ,i& ~~4 h i. Hi 4 _JLc. 4 ldLii£ ■ U . ..j ^1 4 jLi£lfl J . 1 ^ . U . „ j 
-4-Al—kiuXl IjLi) ( j If . 4_ulj Sj_4 4 < tllLl ‘ “■ ka " "' I jl_£) l ijf ia d • .~. Vl j l ... a ^ \ 

fi 

(jA^ ^La_d 4j jl iL a 4 j^j_l2j Sjj. ia-i 4 La g-La-m-^ 4j j_^Ia_) 1 ^ V i -*■ l-w „ ^ js 

• tlilj ( 9 - 17 ) JSLAJlj 4j_iiu“^l 1 j <r. C...IJ \ 
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I I 


iiLill 



(9-17) jsjji 


AJ J t Jl^iI liiJLl I j >- A >jl ill JjH_Lll iJuSi I ' ' j> '“11 Sjj&Lii ■i < C C. JllJ XJ4 

. ^ 1 J £ 1 1 ^js d a' X A pLmJ»>U d_i_u^-*_a 

j . a ^ i^-> u ii ~*- ft l jLrt_u-ij l <;.i c.^ ■ a 1 i ^ 1 i n ^LiVI <..-« i * *■ i^ 

d * i i J l p ■ " a . i cj j^ll Ju&LAj J_JjIu_Ld (jr^ - (_J^ J- 3 ^ AJ ' ^ P^l * ‘ -‘i 1 i-La 1 1) 1 

p - ■■' 1 j (jilajj (j^- 1 > "'’ ‘ ‘ 1 1 j 1 > i llj (3 j3*^^.9 J ‘ ‘ ^ (_yJL2j ^.dtj j- ^ - > - ^ 1 

. (9 - 18) ^xla^a Ijuij t-djJoJI 


>i*o l 





(9 - 18) j^jyi 



c j) 4 h T \ 


Lenses CjLu/jjJI 

Cjm * L < ii ) 4j JLa^o c^-uaJU 3j. . ..1 d 4 1 ,i ,", 3jLa ^j_o fr j 1 ^q.i.u..v Lg-)l LT^ - *'-^ j 

4..., » m i^?I 4-tuJLjJl L~. . .,~ j ~ i .1 a ^ l~w >i jl 

4 L . n jjja 4Jjj , i ~ ,a 4ju1i^ I j J_u ,^j£L!j 4 « I ilUj J l ) 3 J->- 1 J 4 In .1 ) ' pj' 1 * d-Ld l i ,.1 1 

. Sjj-JLi ( L^ld 4-3^ .i~ a j JLu jl J 4_*_Ju^M I jjd j_4^>o (j3jf 4 tr\ 3 i U i llL i j (3 Jl>.Ij 

4— i-uJ_»JLi ^ a i .i 3 a Qj~* 3 dj 4j_«_>m 4 i ii, 1 < 1L * • ■~j 4_iJL3e_d ( __ =r J I CjI , u JL « J1 p.. jj 

(9-20) » (9-19) jj-USLiJI ^ualj ^a> Ln5 4^j_jJLI 



(9-19) ji-iji 



LJ 

f- 1 

► ' , 

H 



(9 - 20) jiAJi 

l_L^J_iJl Lj-Lu tJu^lUl ^ u^2i U >M d ...I (5. .« .a„>J.l) 4 jJLjJII CjL^_LjlJ1 {jj<~ 
3j_C. (9-21) J < 2J lj 1 -g 4 I j-LI Ju£. jj^Su Ld ml ( 4J3 J, 3( 1) Z j . 3 I I 

42o^jJ| CjL*.JL*J1 ^lc. lldUlit yZj. l^,_j .4jOdKil _a SjjJUl .-■! - .. i ,H 



L*J \ II 




1 






Aj»t« cA ^ j r . 

(9-21) js-sji 

Lljllj 4 j a >SL1I Cj l_i_u jlxJ I j> 1 «L>LJii j ^-1 1 Jj a t - il ■ .. i « 11 1 i 11 jj^SLi il^o- ^ya Lol 

l jj_9 4_JLu ^4-jj-J. > .1~<11 ) 4 JL 0 J! LaJLu 4_L>.j_a a.S.^tt . 4ja^£Lil 

* * 

LJL_u 4 - 9 ^-rtI.I 4 _ i-n. > < '1 JL*_JI y i~ t J 1 a IJJ 1 ‘t.ja 4 _a^UI 4 _i_uJl_*U ^ I 1 t_Jl y j ~ « ' 

* 

La ij ) 4_uJjdl t M~>- Lq.. » , i) j^3 L-JVJ-a 4 _i2_i2L>JI Oyy.i^ii I J_jlj (jL) LuS j_£jj (jl 

f 

5JL>- yy.j .-^ ! t (_jjiS1u ljL4i_J 4_i_uJUtJI |»Lal £_ajj LiJL_u 4 -JLl.LJI Sjj).i ^J1 JUu (j_j£Ll 

.4jj^£JI Lljll 

OjL-jJulU ^LjlSI (\j_iL 5JI Lai 


__L 

f 


_L 

o 


+ 


(7) 


Slcl^-js £-A Sj^uaJI JUU 1 ^a. ■. .i_~>J 1 JUlj O j 4.. ■>. !„> .. U I f iLajv 

* 

4 ■ ... 1 t 1 1 1 1 ... 1 i it* 3j^_uaJl JuJL>o 4 1 <i j (9 - 22) (JSLijJI jLu'iH s. X.q.1 4_i_uLLLI 

*y « ? 1 1 4-^i^LnJl 3 3 jj i."i 11 JUJ-^o 4-_i , .i j ^ (9 - 23) (JSLjJ! ^_U3 La , lo ^4_a^Ut) 4j J-sJl I 


.(4^11) 



(9 - 22) JUJI 
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. j uall 



(9-23) jiAJi 

n * 1 1 > 1 l" > i /,>,)>! 1 j i iC ill t i | U^II ^_y-3 j>--x-x£u-l 1 I * i 

43^L»JLj 4jj^£J I <j_jJulU 111 lj ^ *2> *4-2j^J<aJl 

m = L (8) 

o 


L^q 3^ CjL-tjjjutJI (_yii j— i_iSJlJ 1 j^yic. 3 * ^ *-L? ij^ 9 3& *4 l^uLLU SjLiiVI 3 L^.I^_* 

. 5 jj^SDI LIj^jI! 4 .l> j< i IL? ,slj^£j 

2_jj in itl ut/VI 

ij-o . 4 o g (I 4 j^ io >ll 33 -£>.VI (_> A « j j ' ■ ^ "■ -*- 1 ■ ^-S’-t ) i uj SjJuJLa j 3 ^_ i~. ‘C 4 jj i It iJjWI 

• i - 3 ~ 1 1 j ^^>J,1 j 3 jj 2JI I 4 j^JI 3 3 $ ->- V I ^ a 1 


(jj-K-JI — 1 


f _ 

1 j j*> CjLuJjlJI jL^_5cl3 . IjLlaju 4_j^ i-n,.i II 4j^_2ujJI (jj 

* * 

»L<a- l c. 33d Xi 4 1 .1 3) (jl mi i*^l 4 i Ju ljL>- -1 3 t -a L^J * . I . 1 1 Sj-SljJI j l 0 ~*- j t . t 3 « a 

• L^j 3 ) >*i ) VI Lt*u>- l_j a j 'j n~> 1 1 3 -‘“ 9J ^-*■11 ^( 3 01 4j^4j>x51 c 1 1 -3 T I 

« _ _ f * 

l ^ 1 a c 1 . 1 1 a i *~i 1 3 1 4J I ^rmJ! 4 1 ui ^ 1 ' <> < . j I ^ (9 - 24) 3^-*nJl > ^-» ^ < 

L>^ 4_tijjlJI^ .l/uJI 4 j*\ j Ci (jr ic. 4 j^13 a 4 ' 3 j ,i v 3 jj_u3 UJJ^~ ' lA* 1I 4 . ... i c. 3~ j| 

3-^i3 - Jz !J ^ "ill 2J T ^ III -»JI 4-i_iiu tj_L£aiI u . 3 - ■■ -»- ^ . ■ ..‘i 

■Kh j-* “ 3 T u ijjjju (_5UI ^LojJl ^31 4 _ij j 1 .~-i 11 C1)3 _uLjJI ajjJu u^j ■ ■ 1 1 
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— ^ j .^Jl ■ . . u 

(9 - 24) jiJJi 

(Jj-ia-OJ , :,,1 I t ,1 LpjjjL3 4_oLlJI CjL-uJjJt {j£. 1 7t\ ~ -r~ 4_i_uJUlj 

Li>Juu lLUj^j ' j 1 J .~i <3 JJLtgjj V ^ t-« 1 ... i 4 jl l j la it i 4 L^j d L. . -w t I (ju-H 0^1 liaC 

(_fUc J l 4 ■ u 1 C 4_5 1 ( n L l u Aj k ^ 4-l SL u ^ J I i T 1 C. 4 i fi ^ ~ j j- ■ - ~> ^-. . . i ~t- M “i i] _ij I 

^ \ . . . -w t 4ji^J <- <i i5!" It ^_l t - ~M i .1 1 4 d_l t i nil L/'-*-^j • 4_i_u J_tLI (_gjj.Jl JU-llI 4jjl-.i.^-a 4 X i .".tlj 

* 

25 cm. jj-l Jjric. i n-^-1 Ijj*. J-£-& LfiJj-l 

* 

j i^°i jl j I Vi i I (JiLa LIjjlI 4^jjjJU i ij_l«JI « jj (Jjt-ljO I i_jL-aj (jl LjLpwl 

j_*_JI (jj^oa >. rt-i£<JI ( _ T lc. L/'-*-^ ‘~’N J jlij LaJklc. j <11 {Jj)Us . jJail I 

fi 

jj i ^ liJJjJ 1 « i~ ~ a lt'-aJI 4_l^jl*J jljl_J 1 jj-s 4 -i£L>-<.~uJ I j tlr'-*-!l 4 _l^jlc. Lrv 

j U>*'1 (Jjia . (9 - 25) J< <lJI Li£ 4 _i S Lj- J uJ 1 c_ d . l> - ^Li-a- -v ^LI 

■ *• ' i -y i q jlMH j ' ^ :3 Ldt .(9 _ 26) -~41 ^_4o^_a _j_a L«-£ 4_d'if 4 m.lf. ^1 Jlj- ~ i.*iLj 

nj j i (jLi ^uiJ JL — .>- j_yJl L/'-*-!l 4 cLi-jl CJ>L i^ - r - ^jln~ < u 1 V L t C. 

Jlj»_J( £jja J_J^I 4_iS_i_JuJtj (juiJt 4_i_u J lX. ilr\J 4_^Loi.U (j^jSjLa 4 _i S Li K U ! I (j^Ac, ^u-iJScD 

* 

(9 * 27) (JSLiiJI ^2 T T_c-» j-a d jC , ,v,l Lot . ,,-^Vl (jj^~n liU jJ Luu j tjrj-JI 4 1 u jjl! 
. (9 ” 28) (JSLilJI gt. 1 '^J a d ~Aj A a 4 i u J C. j*l jjtXi^L) j ill j is\ 4 fj^uaja 



‘jy“ 


172 




(9 - 27) J5LU1 



{9 - 28) js-SJi 




(jj ‘ Z+JU* (tj-CL-a 1 ^) (j\ ^j-a 3 jj^.i^-) i,l-t mil (. <— oJLjj 

^ * 

<Ui^iJ_«JI Lai . I ^_j_i_ua LAJUU 4 j*i j ili.ll 4-mJUtJlj ^A-uU ^ J^?l . l_j j • ' I 

(j^-i 4 - u - it' J 1 4 _<ujJjlII (jlji (9 - 29) nill LaSj .4- ''■«!! 4-1-u.V m T L) a 1 4I~ 4 4^UJI 

(j-o ^-i-ual J_*j jjjJ-C. £_ajj 4-ij la a 3 a 4 j 3 j 2 ,*>■■ 3 j^.lo 4_3j aj I ~r 1 1 

4 -1 I) > 2J 4jj-ul_La 4 4 1 I ■- — If 4J.1 i « A J nj X a 4_JLl>. ufJJjJ t » ■*» (ji J.^" 1 4 fl i * i « t t di,il<ll 

. 4 i.i.1* 11 4_ojJotil ^4 
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iJ- uanJ I 



(9 - 29) jsjji 

* 

. ljua 4 _lLi_»JIj 4 m i~.H iyCuuj Jjl] I j-u JL~> l — j j j*N~ 1 1 i_il i.n-»- -ft j J 

la ij m (jl S JI j 

m = M, M 2 (9) 


Jl sLljjjuJI Mj 

l-j m 1 - 3 


Jljlj Olj d_ m -i. 


(jl J 2 *— ^>-0 J a ?* 1 I ‘- r i_9^ 1 13 "ill 4_ 


|~. t l A ' J- £ **• E ' l j I j S) • ' H < j .1 1 1 .1 A * I j 'jC . ,.l~. ' 1 d 1 ' 1 » 1 1 d— Ul» lt 1 ) 

. ■“’ j ‘ lLsjjuLi t . .it~ n (,. ,t ^ j- 1 (9 - 30) 
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C J) wilt 


sj — 3 i L_uj— 33 ( fo + fj) 4_jjl ui —a l — xjj — 3j m 1 i l l 3 j^_jjI 

4jJ 1 i i* ^ 111 I 


F 

JLi jJLi 3 _JjIJLq U i X d i*. i .t. U 4_w JUlU jJI JjljJI (jlfi Lq-^ t— i 3 1 ^ j j*v J 3^3 
* 

JSLiJI Iw1aa»j Lj i j^>-3 “lijJusJl d-jSLLaJl CjL^jS!. jlJ 1 <Cu^JulU ‘ J 1 

• CjLuu JU lU 4JsLi33^Vj ( _ ? j 3 L»\jJLl ^..LjrlAMjj (_^ ZxJ \ n i U 


OJ&JJ k»jL-*-u£_)Ij l*ASL*j1j ttfjl i 8 ii~j) <_c.j_i_uj lA ~i « ,_i ila ie-j - uaJI till l„L4> ( _ r 3 l i i nj J 

CLj I f 1 1 JL * T 1 1 ■ ■ u j j 1 « oj t , a 5j_l_>J, 1 111 ^JU j * 4j^_3_uiJt I L.I ^11 Jj i T I 

* 

I j j . > J.l 4 - u -^J 4_aL-j5a^ILj i4j^__Ju_Jt (^rujlj 4-j^ I .-a ijl CjVi/l LluujJ \j j -»- 1 j iL^jj 
. LyJ l 3 T <J I J l .q i n L2i ' g~ J i3j(^)->Jl ^>1!! gj-u-lil 1 1 (jji 1 I i uuj . ( l jfi . ..'" 


L<iJ a A I \ i ui 

J-* Lsi’ mi l CLtJ-O i^yjXi (jJ lc. *U1 jj-hJlLI I jJuj ^ : Ijr^J J ‘ * 1 {J^ 

(8-17, 8-16 (j\ K . j JLi ill ^&LU I (jL^Vl 4_jJI 1 ^ ‘ 

S 52^.12^0 - i*J j 4-t.u j « J 1 1 1 julJI jujl>o ^SLaj <■ 3 ,*C : 2 (_j-u 

1 .5 o jL«£ot (J^iLt-a {ja ^lc. (j^y^ust ^l.« ..« i.U.5,.h.Lj : 3 ^ 

■ 30 (_£^Lt_uJ 1 5 j al ) i*ii K I ji 2a ^ 3 , .. ' | 4_) a I j ^ | 

^lill ^>1 Cy* LsjJl ^L*-iUl Csu SjjljJl ( 

^ ( ^1*1 ^1— ^ 4 1 ^ Cm d — C - 1 l i Jt - 1 OCm Lajj< i j T.- A l ^ i , a^ j. m n a ft ; 4 

. L^aLoi 20 cm jl*j ^[g. i 

Lg3l nu~> z 4j^£Clil Jl>- (1 

1 t I i,u\ 1 | 
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10cm Lfcjju 2_)ju^a sT^jo 2>- a 30 cm j_*j - 5 

l n-N-ll 3jj>-4U> £_33 ^ I 

3jj) I S\ 1 1 J ,u5"4l 1 Mll~»-1 (|_J 

jt S L ' u u uu cj 20 Cm (^j^-jJI L&Juu 5 ^. h-t , . a 3t^_ a jil_ol l a ■ ■■ £_i23j t 6 

‘ ^ .i n i U sJI («-5tJ>. u2-«_4U (__5 jL-uJ 3j j , ^ J I A 1 3 I 3 -V. 3j^-LU I II T 11 

20 Lajlu 3^> t 2 a 4_tv_Lc d-La-ul^j 22^iiLI 3j j <.->ll ii * : ! 1 ^ j ^ ^». i/~>j J-^ r 7 (_)ju 

: 4 _LiijmJl j»L#i 4 _jJliiJI jLxjVI {jr Lc. 2 cm dx.l_23j! ^ i <>•>• £uu_j 121 cm 

80cm(j 60cm(u». 40cm (uj 20 cm (1 

JUuJI (jLS’ 1 jl . 60cm Juu ( _ r Lc,J < ii a 3lj_» o 1 2_>Jut>j 4_^ JX. Ci* i a~> j : 8 i _j-n 

2>c- 22 j ^S . " 1 , 1 5 jj /.-gjl l-2-l^j . <^_j-u-_v_ «-J 1 (j^a 30 cm jl*j jjyic. p i ii -v- 15 cm d-u- LxU 

. 4x._^-a->J. I aJu 2 s 

3lj_a ( _ 7 lc._a 20 Cm Juu (_jic. 10 Cm (^jJuJl l_AJuu 3j » 3, a 2—uJuC. u - il-i j : 9 jj-u 
iIlh.'i > J I 2ruu 10cm Juu (jylc- ^ i.ii £_au_j 12j 25cm 1-A^ixS t 3 i an 3j « 3 a 4 j aj_2 

. dx.^a_>2.1 ajLA 2 > c - 22 t, 1 3j jt i <-a.il Ju^jlj 

2)L£ l .a mi i2cm Ja i m J 1 ‘-uj < \ i .ij^2. i.xyil d j i ,~J 1 d_i_uJutl! JuuJI 2jL^ 121 ' 10^ 

• i 1 1 1 ^-u5u 3^is i i-<,.>.L2 10cm 4 -i-L h J 1 d i ii, i «ll i \ % 1 1 1 

La-Lu 4 20rn d _i‘i_i ilill d_Liij_*JJ .ii ill 2)1^ iuj-su uj ^ .c u . 1 3 ( j-i-iu> : 1 1 ^ 

Si i ^SL luII) I lIU 2 j 1 5 (_y-^ La • 1 0cm I d_uiu»J 1 <LuJL*U 1 JUuJ 1 2) 1^ 

25 2 > Cr J^2f iSjj 51-3 tj- la ill y 1 ^ 3 2 >» jaxu • 12 qm 

l £>, !L« ) i_ >.4,.i.>- 1 8 idJ d^aj5Lll d i ii. 1 1 11 La .^u-u 
80 2>c- Lijuu (J 2 j {,^1 ^Lm.-vVl 5lu3 i j- la ill J^i= 2>^ ~“ • 1 3 ^ 

La JUU ‘ uji> 1 j * dJ djaj5LJI d-i-u J - t JI La . 1 4i 


176 





j /" t Jm rtf) 


• jyajJI jcjJlS (jr 3 jLJI i 3 ~ *C1 j_Lo (jl 1 1 . iVI ^La ~ i_aI j. a 3jJ->Jl 4. t j _ i l~ i O ll r> 
(J-uLjl (jL^ J M l f (jj_3_!l 1. jttjJL^JI (jL^jVl 0 . 1 ■ ■« ■ > • jliU 4 _M > ■» I t (_)-=> I J-j-J I J 

j^a Jilin 4 ■ iij £-a j ‘^ 1 i~n 4 J (jj_j V JjL« ^j-c- SjLlc. SjJjJI (jl Ja, \-2uxj 

aUL (jJLtll ^ya 5 « U A JLl^f-U JLOJ .Liljj^all^ J-jU. 1 Ijuft (_. a i .i J3j .SjjLdJ 4_Li-L^JI 

‘■-‘■g ' I I Lajicj .aUl (^1 (jJUtil jj^a i_jLljjjlJ — liljji^JLSL (_£jJ_>Jl Jl j m I I (jl O di t J ,jL£ 

^ V I j_yJ] i— ll i ii (J j oLi^JL^ ■“ (_£jl^>JI JLu_J1 jjSr . 1 1 d Li A l l i — j-i u >J I (j^a 4 _jl1^3 

>. SjUI (jo 4 « l~i4 J£j - J •"• ,r (joUJI (j^ill (jo O Liu LaUI ^3 J^ll\j (jjjlill (jL£ IjtSLi jl 

* >=*■ * - > 3jl^_>JI (jo Jsl jl j-i^i 4_j^af> (_yli2. L$j3->u — O^jJI iilfj Lyi JljLjJI jLalf. VI 


( [_yalill (jj_3JI (jo O i I j « , M " 1 1 (^jj VI Jo (_$ I Oil mi l (__£j1^j»JI JL<-.-uJI q UO 4r>»l^j jcJj 

4j^Ia_i jjJ jjl j -&> ^-ij j} .. i _aj Ojj_£ iw. ii -1 ^Jo i^jjl) (jj — i-u-o_jJa (ji^Ljij (jLSij - j •'.■ c. 

• 4_A^j^>iVl SjjilJl alii! 4_j_)Llaj^_jJI oIj_2JLj J_uoVI ^ySLj^-oVl Jjj .i aj J je ~ ] 1 . lLL)jjJI£L!I 


t * 

lil-Ij [j-3j . 4 Jj^Jo Oll j i i .il Lj^laLi L3 _3 ^ e, i ii j 4jr.l.t.o^LJ J ii ^jjua I J 


‘^•l ‘ jl-2 (jj- 3 ^-ilj-iU 4_iijj (_j!3 4_jLa_*JI i_Jjl_?tiJI J_1_C elj-jv-L Jjj 1 aj j»l-^ i~i4 jyll 

<iu^>Jl 4_a^L...i V I 

» > 

(1)1 ^ — * J *^IjLU j— J — ljjI^ — o i_ i . 1 j tlijl A 'j 1 1 ^ 4 ; ^ Jki^j , tl V 


4_jia_c. 4iila_lil djl _^>Jl (_$ I * LSLI I >-l.i-lli fl JL3 i—jLiilLl 4 c. j Li g 1 1 4_uJljlJLI I i l Us .", i l 

‘i-Liji^JLSJl >1 i^ . ru ^jJI (j- V J.-ll jjjl i — flll itj ,jl LjUi-iJI (jj-3 it—iill 

l-o-JjO^ (_y^ ^ 1 1 r> VI (j O- t - 1 J bl U . J I (jrj— i \£ I jl T-* l 1 “J L?,! '* A J (jl— 3 oUj £yA 

J.i. j . ^a .. l~ i 1 1 (j i - t -LJ SjOUiJt ojlii 4_i^iljjJ 4jjLe_o (jr^J • ' 5 3 ^ lal jl 3 jl^j>JLi . U> I A ~ V I Ir 

* 

»(j j » U ^Ia-3 1-1 ~< . .Lj V I J_>- (i_3jJaJI jl_>. j-_. A j \ 1 iK LiLilLa ■ )j ->- 

* 

Lixjl jjlj^hJI jJjj L_iLiiU ,ji l5' ?•*-£■ 

<-UI (_>ja 4 _ja^ 4_iiL^ j^ya 4 j ^ 1 lliill jjlS d j i ji 11 & .(jJUtJLl 

l £ . i ^yiJI iijLjJI 4ij^LJLj (_jLiiil |*l.l V~ cul Ld_^_aj .jjOjJ.1 Ji-lj ^ 

lj_a (j-d_j • <_ Aiiiil 1 ..I jL*j 3j-d ,_)£ (jr a 4 J n,> oljlj ouL£ 3jl^>jl ^Ls 

(jyjG V 3 j Jj>JI (jl g r^n 1 ill <-dJj (_yJ1 SJaLllsVLjJ . Od-U V 3jl^>JI j . 1 / S\A (jl A AJ -y r~, 1" . ,. l 
* ^ 
l*^ 1 LdLij oljj^JlfLII (j in a_J ill jJj .i_iilil (jljjj j>o (j£Jj i(jojJU jyi 
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j-^LaJI Jo^aAJI 

* 

ijlj (jj-iJLl cjUu^v jjJI 4_^j_>JI Jji o v__jl sivJLI aSj->- jj I udJ j ^a *^juj ■ 1 798 

4 Iri i i'I^J 4S^«>JI (Jjjj (_j2 i jUajJLl j -i~ - -I liLLaj .(JjuaJL 4 £_^jJ 1 aJLA ^ it. 3jl_^^JI 

>— aj^Iua . jjLj»II Ji-lj ( _ r ^ Sabyjl j^yja ,i, ll~i j 3jlj_»JI (jUa (_£j2 

42ULlII (j-a (jlj 4^LLaJI <■ 1 3 1 4j^iaj <Jl<jlc. I La Jug. jLiC ^j-uLlII (j^3JI 

■ ^ j) 1 1 42 LLj 4*>JI 42 LL (Jla 1 ^ L a 

i i£JJL> 3jLU (jl i— uiiljLiJI (_j2 4SJ_>JI 3 I ^ L 3 jLo_U 4 . ->. 1 1 4 1 ^ L ‘ 1 1 i ~ \ j ^ 1a ^ 

( jiiai L<Pj 4-LjLa. ~L a 3 Jl>-IjJI 3 jLU . 4^^>Ji 4 _^jI J j • 1 (_j2 4_ua>l i~ a ujLL)Jf>» ^a 

4a j Li < 1 1 l 5_L4 iIjLaLc. J jj-o (jL£j . 4 i « i it-a.il j 4_iSLul£LiJJ (_j-al 4i3$Jlj t_ . i 1 

(LJ t_j i I (yuuij ^y-ijla l jA Ljj. < >> .-»•• I ljL2 . 4_il3_>J.I jLiii-jj^l 4__t,^>L>. 

(j t ,K » Ha ^—i J^jUl oJLaljl JL9 1 3 jUI oljj jjt JL-so LuLa 4h_jl3 3 JlL ;>L<..i.a^L3_a I Li isi 
(j2 jLiull^lj tJj-uSjJI (jja\ J a S\ I I (J_l.1t.~J I 4 1-1 1 u\jA ilDj (jJ-C. (J^jJLjjjVI .(J ILi 

.4 iLx->ll ^ 1 . . . ->- Sf 1 (^ja 4 Jjo (J(j i ui (Jjl 

JL*_I j L f 4^-L^j 4_3Cjlj o? llL& a J 4j 1 4jvjjJ 3 j j i 4i._^tAiJ ^L~i..i.4 CjljLUl (^Ja Lai 

l1)Ljj^_>J 3j. a\ ~ , .ill 4^J_>JI oJJb jj-o j<i2._pLj . 1 (5 i a jLljal JUlj (jlc. Oj!j 1 T-3. 4 (j^a 

flJUSs (J23j L^LjuLssjj JL-£»2j^l (j^a 4. j . i ; 1 ^ 3 jU1 

gji^ 4jjliJI 4JUJ1 f^St Lat ,41 jLJ 1 4JUJI (_jJI 3jLaJLl 4 J uni I 5JL»Jl {jA H . Vu l Ijl ^^211 

* 

.CiljLiJI J Lilli 4jC.jam j-v il 3 1 IjulJ 1 jjj 3~ 4^vj>J1 ZjA. CjLjJj>JI j. 14> £t_uua3 l-a-Pcj ^JLuaJl j\A 
ii ~ iV I 1 (j if l..ai,a,ai l> j^^ylllj 3 jU1 CjLjjJ_>J 3. ill 3 ~ iVI 4^J_>JI 4j3LxlaVLj 

j-;pLj Ci>j i-n->Jl 4^»-j (^JiC. 4 -LLuJIj 4 Jun II) jljJLl Ji^lj ujlljJ_>JI ulij -r ~n 

4^^jhJ1 4_1 _4 4 juu L_a2_jlj_5 L^la (JSLI ^ ilnl_^a (J^^>- 4 .._u.~.Vj ju 5jST_^— =r 4_ujJ_>JI 

(j A j<^uoj>JI JUjJli 4 -lLv I jJI 42UaJl i?.,L& Cjjljjl 1 a I 4 4 jLvI jJI 42 LLxII jl 1 3 a fjlc. 

* 

^1 .,.-> » 11 (j I J ~ -w I 4 L 1 njJl 4 Jl£J CjLjujJI 4 Jl& 4 « i .1 Cjjljjl ^Li_a 4 jjI_jJV 52LL 1 ^*jL>J1 

. d 1 C 11 K ia 42Uo J< l~l lit Lit fjL^J 

Quantity of Heat SjIjjOI uiu>«j 

4jvj J j2j. I iLaj^LJ! 3jl_^>JI 4 _iav5 4jL) I jjli^JL 3jI_^j>JI 4_ua^ Sj^wj ^ a i,.~i 

4_>-j J 4^aj^Ll1 3jl_^_>JI 4 J ,-X (j_jSL3 ^iUjuj . 3j_a-l_5 4j^la 4_>.jJ tLLI (j-a |»l^>. 

: C7-* (* 2 4fwjj |» l4fwjj ^a till (jjJ 4i3^ Sjlj^fc. 

(lud - 2uiJ) X 1 X ell = £ 
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SjIj-jJI 


4^-jJ £_3 jJ 3^aj}LII Sjl j_>JI 4_ut£ I^Lj La * 1.1 n>J 4 jjI j->JI *4 t < »i i I i_3 jjj j 

3_l_vlj 4j^JLa 4_>.j_i L^ijl 4_>.jJ tUl yA 4 uS 1 i < ^~> j-£ lj]_J .3j_>-l^ 4-j^_i_a 

* 

4_i_a£JI ujLfi, >:._! a , ,i ^a turr 11 >.“i AtC.I u^L^ 3jl^_>JI 4. j . a *S ‘- < jLlf -l IjJ Li > i j | 
4i ^j_a JL>-lj * \ j ♦ A - 4" » i ila ^ 1<~- La jO-mJKj 4 jjI^>J| 4j».i..i.II i n*r 11 ^-iLlI 

•*■ 1 1 4jjI^»JI 4_», ,i,. J I £yO .V.>- 1 $ ^l^_£. C^" 1 11 Li ~ r - 1 *Ljl^>->- ^ * ‘ 11 

SjLil jjjj Ljj i ~ c I I lit Lai . L^J 3 t r._LJ I 3 jI>jJL 3jU,I ^a jL>.ljJI 

jl^il ^ . j .« v - -> J 4jjjJI 5jl^_?JI jjl 4 u>-j • 4i 4 jjJJI 3jIj_>JLi 4jjIj»>JI 4_~* , ., 

* 

j» I^jcJJ jUJl dulj JlAa 1 3Ji jL) a i*4 (__£ jl i n~j . 3 t .i~^JL I Sjlj-^J I CjLvj J LiJj-OJ 3 JL>. I j 

j-L-aJI (jjO i—i j " .ilj 3jLaU 4jjjJI 3jlj_>Jl (_J_S3 4 ill 3jljd>Jl CjLvjJ Lai 

■ (j I L t I j 3 i .-. H 4->.j.} ya LijjAsI Lai£ 

4j^j^jsJI 3i?LlaJ) jjlidia 
t^.4 <ljj-jLljI jjl ■ ^ Sjx. 31 LL1I 

A , il < /• .< 1 I i a~, ti _ 1 

. 3j!^ti! JjjLLul jl t _^L«Vial l_l_A Sjlg. LLUojfT (jljjLa l sdu LjjJjl3 

Ljy? Cr-* Lj a-i- 1 ^ t_Lll 4 t-j i,, i j^IjJI ^^,.3 ljr A a j’vl l ^j->- 4jLLLill 3jl^_>Jlj 

.*I_^JI ij\ ~r I. iSj I j 3jLa 

"<USLul5Lai A^UgJI - 2 

jl i yc. Lai 4_j5Lu LL j.1 1 4_SlIaJI (^a 4jjI^_>JI 3 ^i l Ut l 1 1j ~~ 

• (jLajj ^_a ! ^jLuajj LajUil jl 4^jtlil ^1 ■ n->-^L! ^^LLljJI 

i^b^l^LUJI- 3 

(jrLi J-Li La^3 tiiJj J-3- 1 ‘ 3_ajLiLa liiluj LuLj_^£ jLu Ljjj_ai I jl 

,3jl^>. 4_LL^U1 clsLLsJ I 

dji j - 1 ( JLsLlaJI - 4 

4-llS ^ j-l- L us cj^ 4d*_uj 3 JjI_A AjjIj-^ S^LLd j-Lul ^1 4 j3jIII CjM_C,LLUI 

* 

U-3J . Ljjj 4ig.L A~ i. i l tljil jl U . Vi l jl jL>ul jLlg. LdJj (ALj 4_3LL ^1 3lr I 3 *t I SjU,! 

Ldl ji 4 _^_Oj ^,311 4-3LLlJI 4_ia£j 0 3~ LI ^^All SjLU 3iiS <y u SJs^LxIl l >LLil>T jju>. 

; j jg ‘*i'l l 
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^LuJ I J I 1 


1 


, i ] | 4-£.^xu *j^a X dJCiSL] I — — 3j^^t_tl l 4 j 3 UoJ I 

2 

4 i ..,a.»M A 5 1 t-> 1 1 _ 5 


.mJl jj^o 4_».L_IJ 3jl^>Jl jjl LJLs. jl 4-isLiaJl l y^> 

^3j (_£-L?4 4JlLkJ 1 j^ya 3^_ix? i ~ <1 i r. ? 4 " L . ..1j. ^ Lj^- 5 (_^lL3j 4 ->- i ~< i d*W 

* * 

. Sjl^tl! ' « ^ 1 j t j ill 1 JUt 7Ui4Jj 4 1 ^ ■ i i 31 

Lp^>j L-3 _j 3j IjxkJ t 

* # 

3jl^_>Jl 4 _l_4-? j^c. 1 i j ) LiiM-j-jvl i — a 4J i ni l 1 — a j4-uij>J Sjt^jxsJi 4x>-jJ JJ_>J 

fj jj?“ 1 ^ ~ T I lZjL3_j^_>J| 4?^_>J 4 i -w 1 < 1 1 4_jSLjjl£LiJll i^LLaJI 4.4 ..a? LfeJJxHJ 4_) 4 jj^_>JU 

Sjlil J> ■■i ' (jja m* " 3 1~ a ^Lix? ^1 3 jIj- 4>JI ^jxO 4x1 .*..4 ‘X-ys.S IxiLlx. I LLil .jA-ix_>JI l j i a 

4 1 1 1 (jr B 4-La j—iJj I Oj . ,j „ i — uaJl 4 _ L . i y ] I j_£j |iu — >J! 4 jj_^ — txj I i m l < " ^ -1 - 1 — >>-> LLLij 

l_x>.lxiaJJ .Sjl^XxJ! 4^>.jJU 4-Lc. j l «,..) (^JJl _J-6> SjJ^xJI jl Sj^JtxxJL (_^L-x>-^l I JJbj. Qj j i*v T 1 

: L^-a-ifet (j-o 4 j « _■ . L 1 1 (jyi La |Cu> 3 jI^j»- 4j>.jJ j-lxjJI 3_}Lc. 

^JJLcjJI S^-iaUi) ^ 1 1 jLljI j j«*i II — 1 

* 

(xjljLiJI 3JL. £_jx4>^j xjJl^j La£) IxjLj ^«4>JI iln3-w _lLi t U » i >i 1 I J J«"l l - 2 

- 4 .M ,J ll 4jJjLill j-jl«.~l1 I — 3 

(jxaMj 4j>olxll 4-jjL^gSLlt 4 jl31jJI Sj_ 5J1 _^xix]l — 4 

^4jl4J,1 43.jJU (J^ 3 Jj 11 ) ^ ‘ ii ~>J l In i ii jjLuaJl xL- J o^l j-ii-J I — 5 

* * ^ 

3jLc. Life JLaLL tiJJjJ Ij^xxxa 5^ uX 4.3 Ju 4 j t j i In 1 1 CjIjxJLxII ^J^fe (_^Lx3 jjL^ L!.^ 
4_>-jJ 3j ^ ^ I . 1 g"j L ■»- 4x>-jJ (_^l ^1 i ii ">• >U ~ i n 1 1 (_jxI_l 3J 4 1^ 1 m j 

3jl^->J1 4jvjfe ^jn i )\ «T a 

(j-'l j 3(1 . ^LLJ.1 ^ .. 1 j 3(1 j ^yxxiilll (j-uL-ijitl :3jlj_>JI 4_>-jJ ^yxuLiifl viJLufe 

‘ L - i 4 i ■ ..1 . ..I SjLa-£ alii ljufe J-aLL*Jj l? xx^j^- 3JI t _>x \ _ i 3U £ i.i ii i ll I 

LTl (jji (_^l j-xLlIl ^ ij i n4_l _j . t i U Li^ (VCL>-J 4J jjLiiiJIj fcjl iftn .~Jt~ ■ i J| 1 ~il->3 i JL-i-Jj 

^cu-llS ^ a j»lxnaVl (j-a (^ajuj J_LC. jjJl ijLjLfe Ji. r . ll 4-xa- L i nl l 4 x x.i j .l n ]! 

aUl (jLiic. jVu Li ^kxiLa 100 m^Vl aJufe JJLC. (jxl J 3 11 .4 x>-jJJLj 1 6 lA 

J j’lj 1^ 311 ..L 31 1 La I . tUI Ji a ->o 4U3‘. 4jI ^yic. ^1 _i 311 j- 3 _i-o jL-J-J La-? 0«1 a_>oj 
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* 

tjuS 4jLJA dUVij tUI 4 ^-J.J (JjLSjj La-^I^ 180 j. j*" H I j-fi - 

<_>.jjJI JjLju (-lUjljj . ,_i-ujJll I (_yLi cj j tt ' v-o- 3 212 i 32 <_^Li2il1 

4^.jJl!Ij 4j^jJU 4jvjjJl {j -A 5/9 (j ~J b 

. 4JjL*-U_i 4-JL_i j .-i.il 

(32 -^)-= j 
9 

4-*_xlLj V 4-X-jjJ (jlUll jjj/L-jll L-jZjJZ. 1848 4l^u ( 

(jUl 1 g i ii .Vi j^y-A ^.i .1->J I Jj'lj ijjj_>J > l 4-ijlj_>JI 45LLaJI jl ^-. u .4- I J_3_2 4 _i_imLl5 SjL^o 

4 jvjJlII jjU-' 1 1 4 j>-jJ j i~i r. 1 j (_£jl^j>JI j' jm . n a J_L>o ^1 

tf 

^laLlj 4 jwj_l!I sAJb jl iIj-i'j I Ju3j . Ji-lj 4jj^2>2.l 4512x11 4-i.< if> LoLq-j LiJ^lc. ( _^ r xu^Ljj 


4 , i 1" -v i. 1 4jjLLa (10- I ) ■"■ (j-uLj-SJ.1 crl^- (* 273. 16 — 4^vjj 

. 3 J I j_>J l 4 j>.jJl! 


-—212 — 

_ 100 

-- 32 - 

jlu> 

459.6- _ 

-273,16 

O ( 

5 O 


373,17 


jjjl kflll 


^ l kfli I 

lS>4' 


fl -t ^ 


<£>41 

<jjL2_A (10" 1 ) 

ChijlS-* ^'>>i 

0 ^ I *>jj I - 1 

L$^H SjLo^ ^3xj^JI l ~»-~ i < nj j i3jlj_>JI 4_>-jj ^ ■■! j3t 4_i <^i l ( J lc i />" «" 

4->.jJ (^.3 . 1-4 > ~jj j* 356,7 4_x- Jj (^.3 Jjlij j] JjI j_uJ 1 ^4* ^ j- > 4- ~ iJ li k^JJjj 

* 

4 li * 1 i I j i <*u J ^ 4 <i i l l ^JlU 3jl^->JI CjL>-jJ 0 ^Lj_1j uiUju jjfcj 38,9 

O-uLiS 0,00 1 8) I <?JJuiy (JjflljLA (jl . <jLi1c 4_L^h3j ^1 

t * 

4j0|^Jl jCU-JLA \ lf\ >1 <U ^ J * 
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iUJI J^AT I 


■Ji. -i3j a cjl^a ,jljJL>JI (Jj-Sj fj* j*i «■ “ a iy ^ 3 j ~i^J I (jlj_dl <^£jlu 

y3 ^-usy jL^jhJI S^jIjJLj . (_gj 1 » 3 1 L^-b^pLi (j_a 4 1 3 3 a J .1 I I 4 a lVi \ a j 4 3 .4 i a^ j.t.^, 4 i j i 1 1 i 

lLijjaa/ jjLijjl ji 1 00 4 jvjJ (jr^ (_yl*J cl-4 ^o_3 jk i-~i 1 1 4^-jJS (jr 3 Jul>. 

JjLlj | <iiii^ 4_]Lo ^Jl , ; m i 4 j3LuJ, I p ' * 1 4 i (_^_JLr«JI 4 _j^jlaaJI 4_i^jjVI ^y 

jZ-i^sja jJl! I IjLfii ^y (jyojJI 4-Sj.^. (jl 4.7il^.->-^La jJLjcj LuaIJ . 3j_>-lj 4-i^3_4 4 ->.jJ I j i * 

.^b-jJI J J-<ij j 4j ^ fijt 3 1 4 _L<. i , 1 1 (ja_ i Jjj_4jl (^-ujJJ (^^-lilliJI JJUlU 4 - m'i (jj-* 

f 

- (J ■ 3 1 1 tj^ ^y oj»j^1d Jj> 4 V Sjlj_>Jl (]>j) 1_9^ 0 jpa '^uSJI <_lJLL& (jLi Ltilgi 

jijai -2 


3jl^_>JI CjL>.jJ (^p/L—u^ -1 i C 4 <^>1 ~v- i3jl^_>JI (jjjlj 4 t(J>J (_jj refill re_3 uij 

jm 1 _i 4 1 ^LuOJ V 4j I ^_i.C. 1 14-) (_^i i-Ij V 1 J^SL>JI ' o •VJ 4_>.jJ (j! i L ij ~v 1 4 1 3i 3 -rill 

j»70 (>;r ]l_j4v (j l j I f - 4->-j Jl (jl l1uj>- 070 ,j^ Jo j3 (^,741 SjIjj-JI CjL^-jJ 


J 1 .-I t Ij jl /; . ,-''i VI 3j lj_>. 


.((jjAjj J<J_IAI 76) (_gj L,.l«. 1 1 il-i« I .’-1 1 1 Ci> JJ i^jJlLI j 4 4j>-jJ1 JLlC. ^JaJI CjIj^L) 


4JLiIj uj UL) j_>J I i.L\i->oj i^oSlrcAa (^jj-L) (Jj-uj ^y 4_pj_a «LU <JjLLij_>. (j^So 

^jJUu (jf <-_ocj j ^ ir>lj .CjLaj)- 4 >JI jru 3 j_la£ <_jjL>o (_>_ 9-5 4 _ 1 oj-uI_jj [ $ * i>> ! 

4^Uo (^yJI 4 1 1 4 « ! I -i i a ^1 ~ ->■ ij . 1 ^ jI > iji>. < > i -iai~i j ^SL>4I I Ju2> (j_a CjLo^a>J I 

(J^ 3 ll ^U 3 j -4 y> U 5 . 3 jlc. SjI^K 4 JAA SjIII L^J 


Sjl^_>- - 1 i c jl 1 1 (j ij -V < I ~i JLaj 2. i4jjjiJl SjLII jjt liJUj (j-« (^^3 

3jl^_>Jl 4_>-jJ (_y,.T i~> (_p[.i..i1lj 4 jj^LJI 3jLU jpa Ja_JL>Jl (jf-JI 3jlj_>Jl 4_3l_3bl . 4, Ju.t _4 

3j1II jib i ~ i~i 1 4 ij «..a jl ^ i^-i il 4 li 3 1 3 j1-4 (JSLJj .oljji-JI j q n-> plot j)l (_jJl 43jUj 

jl ^ ,s~i iVl Sjlj^- i— aj_»3j ,<j>-jjJI 4jui JwLe. 5jl^->Jl jpa 4 _Ljjl 4 4_piSLi 

0 Jl& j.'^i (j 1 1-< ‘".J ,4 jj_jJ_JI 3jUI jpa 4 1~5> 1 1 3 jl>-j jib <^il 4 a3j jU I 4jjl^->Jl 4^LLaJI 4 _lc^ L^_i t_4 
3jlj_>-j ij‘ l ... I I jpa 4JL3SLII 3jL4>»j J ; 1; " ~ l_aJLlc 4aj_>dl kia-iAjJI ^1 3 jIj_a>JI jpfl 4_ _ — <i£ L l l 

.^o-c. /j-*_ui 80 (^p* alii jl I 

jp I . L . 1 1 j J I <T (jjljJJI i 4 Vjl . jl j < 4 -i iVI ^_&IjJ3iJ Cj I j—u L3J 1 (_pa _* j ciJLLaj 

> i t » 

, > ~>- J) > I ^ i i 1 i 4 i I j & 4JL>- ^2 JL4k.j_l 4 lLujJ I 3jLII jp4 Jfl 3 4 la^-J>- (jl (^1 f Sj jil I 4 

* ~ *■ „ 
(_pi>lj->vll u)-^ ' 4 6 ^ t 4,J 4 ~>- l-4»-j-4 (jl— 3-jj4A4 (jU^>jlj 4 4 J_J_LaJI 4j L>. (_,_£ jJ>.^\ <■ I 

4 -^ j > 3j j 1 i ~ 1 1 jLsLUl 1*11' < alt it 'j . 4 JL 1 I i <1 11 j 4 1 1 i y-vl I |j-\J \ li 1 11 j 3 jLhJJ 4__i_) Li ) 1 ni l 

** ^ 

1 ~ ' I j j 1 j 1 1 jL^—uajI 4 l^i ,i 1 jpa (_JbI 3jIja>- 4_>.jJ \ if. j. (j .1 ,<f>.M VI n *S (JSVI uliljjLjJlj iJLn^JI 
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Alt. (Jjuaj d U 3 i .. i! j — jlfruajl jl^l.1 dJ^J ijjJfi ^a-> Cj-^3 ’ 

jljlt aJ Li <Jil jt j . y> iVI d U.“ i jjl J_jIjl>J 1 ^IjJelbjJ J-ig (^ygljjj . ^ii£l jl ^ 20 

* 

. LaLu jjLuJ I 4_a-j.J Lojug {jr ilieJ (^1 3jl j->Jl <»- jJ a jLg ,j^£o 


J^-aua u-* i jl^i.1 /> ■ ' A ^ . 4_lLu 3 d idi i j-» 4—CvLvj jl j^o ‘ ii)3J i^j>- VI (j-il jJJ I ( _jiuuj 

* 

3jjLTe-« 4^-jJ Jug. (jJj I J ■ I (j_a ^<igjjL)j .^Ua-b 4_i3^ja C.j-i.<i-4 L^jLlJjUvj tlj->- 4-^jJ (Jjtjjji 

* 

• djj^LJI SjLU dJL>- ^9 La£ 4-tLa.iJ I (Ji»- jG jL^-uaj^l Sjl (j I Vj * LaLu 


I jl_3 t^UaJLlt (_yJ-g 2ajt ba t3 J .' ^~.' L-® J-^- (_j-!J <Jj! J-a->o 4_>.j.J ji j 1 1 ,j S - d j j 

j-£> ljuij i >.La « jb.l 1 SjLjj uiij-i-u JLaJcjJI 4^-jJ (jib L&JLo-j>o -1 ir. J SjLU 0-il£ 

* 

dJui i^r^J t A <v •*■ " 11 J_ig J l a ~i i cULL-ST oljil (j^a jLiUl (jfiJj . (J < a ILj ^ 1~> « a illj)' m 

ila-i-ib (jl_9 LLUjJj jl 0 JL* JUa_>o d U .~ i L y=\ 3_bc-il Ja-i <bJ I 5jLj c-ju—ub d_!lu>JI 
(<utbba jjj ^jJg. 4 JLuL>- ^-Jjuj 4.JUJI aJ~& gjl frua-il C-j-u-u-i Ju9 (jig 

e.ULI jj^a ( 3f^J t-L-u-t-i 




:4j_iVI 4 Itj i ii j I I 4-Jjl_*JU i^ojixlj (JjLlaJL) 4-jJjHJLI ‘ .i d I j 1 1 j 2^ ^-Lcb ^3 ^SLcj 

3 ^ 3 a 1 i 3j I = 4 I . ..~K I I 3^ i^- :> '-5 1 

* 

(JJ^j j-!l — j>.. i -<.,>iL I — tLgj (2 ^-Ij JjLij ajui - / b33 i Lajjvg j 

* * 

al-3j ^jjjL3J 4 _*_j_*^ 3 d-LaL^-i. i 4-3-1 1 i ii 1 1 4_J.jl_»JJj .cL^-oJ,! ■ t-> . ..-j 11 Iji_ o» c- jiUbJUl 

.dLaLbJI 

d, Uj ill 


^ J Jug J l^LLj-^J 4-^.l. b I jJ 1 4 _SLLi 1I 3 a 3jLU 3jl_^_>. 4^>.jJ jjl ^jl . ■. La-d Lbtj 
lj-*J 4-«-. jj jtjjj 4 jLjj^w 4^Uo jljjj ' a *»-" 1 1 jt JjLlJI 3jl 4 j>-jJ 

j' (JjLxJI (jl i$\ .3 oL1j}-_>JIj (_)£ (j^j 4_ai ..ill ^ L~i < .i_a_~<_a 3jL)j 

jj^a 4j*_ualjJI lIi la I (_jbj_l Jj-dvj jj^a ^g^JLij .43jl^_>. 4_a.jJ jjj jLtg JJ_<iaj Jl^jL^JI 

04 - ,* 0 jJlua (j^j (^ull ^ 4jjlj^w 4-a.jj j jug ^^(jiuaSLb jMiLa ttUI) SjigLiJI jjjui 

• C»^ J ^JA>- |»44 JojAIij i3jl JJ-<u3 ja-laJLa (jp3 

* 

4-ui-il Ij lj-at (jj^J (jl (j^-aJ SjJajj3 j I e-Lb (^ (jJjuJJ JJLa T Jl jjl ^ubl_jJI (j^a 

4jJjJ_>J| >— l ^->-uJI (jl i i <~y 4 (jl-5 jl.i u . g V I ^9 J Ju a . u 1 1 .1 ■>■ Lj ljL9 j n j ii^ 4uLa_g 

LT^ 0 ^ 0 |J^ C<^ J4T i n til! ( 1 ) 

.^jLl^^U ilfll <ni lj-1] J^j La-o U aJxA IS ajl^^JI <^,jj ♦ * M l 
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(jLs llUaT . t ~i j ■ — .11 ■"■ j_ijG ("i >Q ^.,» l 13 l—3_J_<_ii 4_)U^ i nil 1*1 II 4jLi-u^_L^ 

^ * 

jLit-JI L$j j_c_ i ^,^11 JjjU'll ^„_w.nl_q->3 L^-*^ 4-LLit ^yja J.4^1 jl (_jiLc. jl 3 U-o I j_A£ 

[Sj$j 1 ■'~ l 1 I ^ 1 1 1 * i i1_lj_u^ I i> Jl^J . 4-ar.-i.l3 1 ^ lZj I^_ijLj 4_l3 JuJ I 4 a la ) I 

4-Ijjl>.j (jkj-iJI 1.1^1 4^s-jJ 3jLU i > <Gj < kj£ 4_BJ_> u3^ju ^jl 

>J1 JJ— a_JI OjLjj (UJI) (X ^JjkaJI s 1 « " J1 C^_)L) L-g ji i ><J1 JJ — <s_jJJ 

(LfiU.) Y I 

SjUI JljJk^l 3jo-_jJ J^kJl SjLj^Jl 4ju CX (jJjilJI JJuaGJI (J-aU-a i_ 2jJU 

U£ 4Jj\ju 5 4n It, ^ lc. (.iij^julJI IjL* .3jLa.lj 4->jJ jIjlSjU 3jIj^>JI 4->.jJ 4-^-kj 

cc = DL/L 

DT 

(j|j3 < DT jl JLa <n 3j!^_aJI 4 j>-jJ £-£jJ 4-rtajj DL. jIjlaaj L 4JjIs i_ ■ j.ka.9 jju«-i (jj 4 j! 

(jr A (X CjIjl>.j 4-jlc.j , j , V" o> - ■'’> **- ^ • 4_3jLoJI 4JjL*-U_i (jr laju <La_4-9 

.(J-al * ail 4jU,iU ^j3ll ( jiiti (10-1) (JjJLaJl jJlLaJJ • 10C ' OT l^F"^ ^1 i3jlj^>Jl 4->wjJ i_ J fj 1 3 a 

(10- 1)J^ 

jljJ.1 !_yJaJLj j» 020 1 ic 4 j 4^-jJ JSU -iJ-aaJl 4 _>.jJ 


3jl 11 

a , * 
x 10 s 

8 , * 
x 10 s 

^La 

1.2 

3.5 

fj^a) 

-3 

-9 

(CaJI) 

-9 

-27 


12 

36 

<jLi-U^CWj J-LOjJ 

10 

-30 


19 

57 

j-jaiil 

25 

75 
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Lika 

-8 

-240 



500 



-950 

(J^jlk-») ^ Lka 


1200 

6i>e 


1240 



1490 


12 x 10 8 cm ' j-& jjj-aJJ (X jjj 1 0 8 ^ 4_ij^> i^i< 3 d j (X ^j-o->- <j) »> 
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A L jA^AjJ L 4 a,j ~°) jl3 i^jl^II ^,3 IjLS. jj « is> <jA j J « ~ ! I jl 

* t 

CX y . j - < ~u i4*a_uL>Jl (_jAj .4_i*iLA 3jlj_^- 4 j*.j_U Ij.-_i *iS> ^.~q i j^ 4_jL£ 4 _>.jJj 4_^l i n . -v . i i m I 

~ t 

j_a ju^a jj_a (JSJ 4_i_LiAjJll 4 4-i 3 J l *1 i '-*- ~ . ..I 4 -ocj LiiijJ i3jlj_>Jl lia 

* 

Ju. 3.« rj 1 Ijl^J jj£L (jl I JLjv jjUJI j-4 iLiUj £_aj . 43 jJI 4_JLCi tl)LLui->Jl ^^3 3jl J^»j| 

. 4 i\ « 1 1 CjI 44 4_ia.A I 4 _j1 

jjl^->JI |J_al-*Jl 4 j il.L & 4-3jj-Lu La 3 jLL ^jr-a ~^->J I jj(^j»Jl JJLa-JI (J-aL*-a 

JSJ ^43e_>J1 f^Si I j-i »_~<J I jjb j_r A ^T jjlj_>Jl JJ-a-Ul |J-aL*_a jLj d_i lgj 

:3JjLi>j 3jj-ao ^^3 ijl 

y -AV/V 

AT 


: jl S^-iiL-a Jl>o 4_Laj 

A V=yV AT 

j-a 1000 jl 4JjL*JL\ j>J US jjjlVfl (Jl ~i a5j . 3jl^->Jl 4 j>-jJ i \jlJLa 1 

jl j—oaj j»u*^>JI j j » ~j 3JL>JI ^jus { _ r a . 250C 200C j-a ■-■ ■ - V— ^ i 4 jjj_LJ! 

(10- 1 ) (Jj J->J I j-a I 4_ a - j 3 gj ~r~ 1 , 11 1 ) 

A V = 1.24* 10 ' 3 °o C' 1 ) (100 cm 3 ) (5<~C) = 0.62cin 3 
<_p 3 tj-LVl j_a V (jJa ./-jjL 3^3 (jb-oVl ^-*u»JI j - 4 %0,6 (JLaj j-lLTJI I jusj 

4j>.jjJ.l y fi-3 Jjjl Ijl V LsJlaC, (jx/LH.! 3 jIj->JI 4j>.jJ JjJljkj jjl j_a 

(^-xl n lLj 20°C 3jl J— >jl 4uvj.} JlLc. 4 -T- j _ ~ g_u3 j 3.11 tfjuS jl JA-^ V i(10 - 1) Lj h 

o * 

T = 20 C jd: I y J -i-t— u ^ 5jl^_s >Jl Oy LLu^JI Cjlj_j_JJ ujLuO* jSLa.3 

j-a j, ( « i n 1 1 l_lji 1 _ ;r 5 <L>jJ (_J| JLlil 4 — xxj LJL l 1 V 4-a— j.4 al . 1 ~ , .. I t 7> y . . ‘s 4 _ 3 Jj 

(J-aL*_a t ±x I > (^jLxxxJ _l_alj_ajJ a ~ 1 1 |JjiLi_a jl (10 - 1) ,JjJL>JI 4 j\jj 

l_>^'j- > JI olj jl 1 4 i ii 'i L^ZlII -L-a I j •> . Jl 4_aLc 3 J-C. 1-3 aJJbj . 1 xj y, ~~ ^ i\ -*■ -s - 1 1 \ \ ^*1 1 

. 4 3 l~i ~>Jl 1 CjLsL>o^I (^3 3jl>.IjJI 
J-xxx3jU I : 3 j|^j>JI JULul 

Lt 2 ^4 J l^_ ;>J I 4jl_laJI j-a ^ Vl I iLLIj 1 a £* tajlJLI 4 *\ j -w 4_3lL> Jj-cj 

l -A ^ bil l j-a 4jjljjj| djUaJI (J 1 7Ci 1 1 (_j3 I ^La-J 4jr ;x-> l^a 3jlj^>Jl (JLSjjI 4_J-a£.^ . SjLU 

(10 - 2) JS^JI Jtal3_j_a Lv$ i J jLJI 4 J 9 ^J-Ls (_yj_LjLxa f . ■ J ' ^ ^ t j-LL.ill 
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4 JLc. 4 _^LLd i— u. J I l 3 j. U. 1 1 ^2 3 ^ ~*-j 1 1 c ~ i I *i i j ->.11 < i . d u'j/t d ji^Uli i d iLc_*Jl 

lIi Lj jd>J L lIiLIi^^JI djL& > tliljJ 4 _^jIL) . Lajl jJLiil d « i ii jljjjj} 

t 

t _ r Li dJL l-> Jl Cjlljj^>JI i ij i (jJloJLi dj_ij . 1 ^~dlU j^o Uj_>- L^jJ] (J3 i"i d L^Iiaj 

d t-i i ..1 ^ i * ■ j i N -i M ^2 Jiiu 3jl^_>JI Jjlj d i 1 c . j . 1 , iC A^ a 3 . d 1 t ‘.->1 djLLs Lq ,i.t. «£La 1 J * i r. 1 

- j i U i d si U> 1 1 ^.x.a Ai^-3 j .d_ujj_>Jl LijLo.il i ^i~ 1 1 


j.L^a^llb jjLJi t— 3 jJaJI ^jl jjJLI . . i i 1 1 . .. 1 1 '^yk dJ j (10- 2) 

* 

l»-i ^.L«-i (jrt_ij i L^JLa £j_LuaJ,l SjUI i ._■ ->.311 ^2 3jlj->Jl i jLu-ujI d4.I<~i 

Ld J-dv d_dLc 3 .1 r 1 d tllLuSj .£-bwjJI jl i uji j-JI (jd (j . ■. | 3jlj^»JI J-uajJ (j-LxIl (jl 

d_>-j i(j jL*JLl_3 . 5. V i y djjl^_>- O^L-tdSj-d 3 Jl_jjJI d_idL)j_^LIl Cj^L-usj-ll (jl ^Jjz. (_j-aj3 

* 

(jjmJLl (jh Lu^_33 3^>~ dJ^t33 oljj^JlSLlI j) ^ 3jlj_»JJ 5, i _i-v- cj^Lj-sjjo > (_>d?j i^-vJl 

.(jl£Lo (_ji jjJJ (3jl^->Jl) 4 ^j 4>J1 d2)LL> l j « d 4idL>- 



L i t...~ £ . c . » A jTl - T2 v ■ li j-i . in 3ji^_>j i j jjl« ^_.^L iu (10- 3) jsii 

* 

(10 - 3 ) J< i~i 1 1 4-jg-i I dj^jxJlI I (JaJcJljJ < 1 j rA L j^ 3j 1j— >J I (jLj-i-u (jii ^- j l » j (_ 7 SJ j 

* * 

T 2 » La jj ^ (l)i) L^J M ^ L 4j A 4, t,Li aa t..i..ii^3 Lu jLt-^a l.j, ^JlLaj jJ t 

i_jli..iJ') l_3^u <Ljj1j_>JI 45LLJI (jli T | > Tg (jl .(jlijjL (T [>T2) lLu^) T p 

(jjJl Q 5jlj->Jl La (j"^l J I ..J.. H i„l . Jjl-jJl (jjj (jj>- L.J 1 ' ' l-> 1 1 (j- 4 * > * a L A ki 1 1 

^jU~. , ,i~ V i±xxJtJ djjjj_a <„ i 1 1 A dll (jl (jLi^-LS^) • 1 (j^j-J^ t . « i (j^ <— j! mu 

. ( y Lt 3 1 1 i_ 3 1 s ~\ i dl_>ol (^jJs d_La uL ii") (jl 3j!j_>Jl 
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3jl >01 


(jlOs lj(_J • 4-il i a i 11 4 i * (Jlijtj 1 aiS" t A elijlj 1 — alfT 4j| j ■ ~ i 3 ) (jl Li- l S-a J 

< * 

t (1)1— ^ 1 «~. K «^ i UlLij ,3jlj_>jl < il-i.-m-il (JlLi (jl i\a < I - ) ■■ > • ^ j ^ _. ii l 

oLisl^jja'i?! j?Jui «.i a-^. (jl C < m Jl3j . 4_1L4.ti.UI 3jlj->Jl 4 _lc^ dJjlj 1 oK .Jjlal 


^j-Aj »>_t _ i i l-i . il l Sjll 4-J-aajdl t_tx^Li3 Cj-iLj LtA? (lo-aV) A, <-_ 1 1 < n ~ tLj a 

(Jj-ajJll 4JL. 3 j_ujL-i-dj . 3j!j-rtJJ J._> ->JI 4_J1_>- 3 ‘j-l-iS 1 (jl 

x^a^ail 4-i 1 « 3 11 j<ij311 (10 - 2) 

(10-2) 


jj^ii « 1 1 cal/(cm) (s) (OC) cjIjlvIjJLi 4jjI^»ji 4^l^^ii 


*\ i! 

A 

<LiAfl 

1.0 


1.0 


0.50 


0.20 


-20x 10’ 4 

jjj 

-5 x 10’ 4 


-5 x 10’ 4 


: 5jO->JI JL2I3I 



4li— I jj . iaLJI uJjLj^. i>LOI (jj 4 m> ... ~T -Uil Sjj-jbfl ^ JJ-U JjUJI (ji <i ...01 (10-4) js^i. 

JajOI L»j* jJii J1L-JI 


<_r^ ^ Ah L ^ ^ ^ ^ 13 i’La I j Lb . I o^Jb Ha jjojj 4 U. . . .. > 4j^>o (10 - 4) , L „ ^_JiL«-i 

* . . 1 

Ljj-3j 4-i^L-u (Jiij L<$jLb l ^" i I. 3 j <_ )_^a 4jjUI 4 Jlj uaJl ^L4^ I < » < o j ^2i <.U.Li JSLiUl 

(jLia i_j cj 4 iln-J-4 1-4-^ 2_jj_ijVl Cn3t-i43 Jl 4_ jjSOj . 1 ^ La_£ L^jl£2a ^ 

4-*-o ( 4x.L_uJI i_JjL 3-£1 <}L>al i^yS^. 4jj-ijVl jJi-lj i_)L^uj^l Ij-u 1 . .. J M . .. T l 

• ^Jb LaS" 4 » 1 , ^ 1 1 
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* 

t-dJjJj i4 m V i m~i Ju_C. JJUojlj jLiJI jl (JjLuuJI <jl ail] j . lj_>- tla-i ■ ■ ■ ' 4-£j^>Jl oJJt L- j-ym j 
j v-yunj.'^ (j\-3e_i*uJLI 4_a- j ~i ' JJ^aJij A JL 1c 4_iji..) jU ^ 1-3 i .. M (j_ajVI (j£jJl Jj-^-jJLI till (jp5 
^yS jlj a 3 i » VI ^jlr>3 ■ nj j>J (JjLtJl (j>i (j^j^l Jj_a— tJl (jU 1 ju^Jj . JjL_J1 iy° 1 — 3->-l 

i4jj_u^/I (jr jQ Ja i gj i_3j_l^ jwlxlJ^II -i j ,a. « J I (jLj (^UjJj iJ-lajJI j_ojJ^I Jj_a-*JI (J-a->- 4jj1_j-a 
(_p1 m il IjjS jlj <1 “i i „Lj (JJ-H J.. 1 .M iSf 1 l , ll_>JI dlUjJ 4_ rr. j 3 I ^LjoJ! i_ll.-...ii _ l j 

jjxaj >. t i yr* •j-ixuVl < jL>JI ^yJl ,>jJI jj_a 3jSl2 _L«_i 4jjIj_>. 4_>.jJ (j.'-~i 3 -r 1 1 4-£j->JI 

^Jujj A jlLc. jjitoJll (JjL-JI (jl 4juojl_>Jlj A 3jLaiu]l juc. (j^ Lar. t-iilfiij jjj! 

# 

(JjLj-uJI 3£j_>J 4_3c_ljli B (^1 A (jja O I 3 Tu I JL3 3j1j^>Jl jj I (_£t . 4_*_a 3jlj_>JI jLaLr*. B (^1 

SjIj^JI (JLajjV 4_3j^LiJI ^JuS "i j B ^jJI A (j-a 4.i. iu7 j 

(j>S 3jlj_>JI (J 33 H jl i 3j. j CjL^Lu- 1 Cjljjj_>JI 4^J_>. V ^i-LO »3JI (jl I lj ~y V 

jpo *_ilj T . ~~t Sjl^^tJJ <lisLUI 3 jLLI cjUujj>. (jLb (JjtJ>Jl Lai . ^jLiAHUj j->.I (^1 <-i_£j->- 
Sj1j_j»JI |_pLu (_y3JI (j-A ilaJLa CjljLiJlj ,JjIj_uJIj . 3j1j_^JI I g < a 4lal_>- j— : Ll L3 Jj (jLSLa 

- 3 J 1 1 *\ Cjljl i II L cil^txj (jl ^ > U~L,.x1 (_y3JI (jy^Sl ‘ 3^ jl^il iJ Ju2j Cjljyjj- (j^ (_|j<W>JLl 

4^>-jJlj <Lmj mrr.a f.l^JD 4_oljjjJI .(^jlj^JI (J-<t ^ JI <Jj^-^ Cy 0 

* 

■"■ lJlSj Ijl i ^1 j. o 4 .^jl_^_<3 (_- r J-C. (_^^JL?sj ^ (jj^JI 4_1 sjlIL!I 4 a h 1 1 •> ■ 4j_aL^ 

(■ lj-^-51 J-il i-L\a-^l j.iii 4jI^ (^yjlj^i L)J^ Cy 1 (j^-l-^JI * I j-5-ll ^cirtjjl jl g *v . 

JjLJI tl^^il oJJt (J.»j>JI 3 j (j I j ) oj ul (jl i__ocjj .jcSLjcjJI j (j-a (jj-L^Jl 

(j^aj . i_> (9 - 4) (JSLjJI (^ A 4,la3.iJI (^1 -ijLJI (JjLJI LoUcj <j,>^ 

3jLcI 4_!La_Gjl 4 a il (^Ja JjLJI clj-^JI 3 j ^ ->- 1 ^1 J -X- ~[ i-ul (j^a (_p3^_»JI (jl ^jual_jJI 

.(jjjjl (^l -ijLiJl *l_J4Jl 

* 

c. l_j^J I (J-«-3- ^ I J l-JJ j 1 3, t~j t 4-u l_j^J I (J-» jh J I CjIj LlU LaJ j^- ^ lj l3»l I i i 3 . i~ j 

3jjdre_>a lIjLSjI (_y3-3 .(jLAJI Ij-fli (^jja 4_LtaL>- 4_t_*yjbj Cjlj 4 jlj ->JI (J-^u jl_<-ui I < — 3 1 

t 

La-o (JLu>Jl (j^a j jl_JI cl_^JI Jr3j) i (j I 4^- d3) 3 It II ^V) 3 jj_i^ CjI^_jjG > It ~>- L-pa^J 4 .1 13 •* a 

L-3-dal3 t_dJ j JUll iMjj (JJ-II 4_i£p-- 3JI Jlj ^ , i, .i J I [ j2i c L y ^\ jJI clj-^JI (_,!£. J-a-*J 

* 

.^_tjulj 31 ^ 1 C3-^- 3j1jjJ| JLaluV j-i-l £_jl>JI jLu J n »_i j . _J->JI 

JLaijl 

3jljj>Jl (jl 3 I . „ \ !^j_i (jl I ) ajj .3jljrr.l1 j _ ? _Ljjljjj'i/l Ljj J-i^a-a 43 l± 2->JI (^yja (^> 1 1 0 i3 i 1 l 

1 ii'i J3L,jJI c-^lj 311 (jl tlllj .(_|-a^>JI jl (jj-LOjAJLi LoJl (j2JLu V (^.n-a-i-ti, II (j-a LLJI (J 1 - ^ 1 

# 

l_^jljJlAVI J L3_3AM (jLa tiiJj (^,-1^- tljjJ - 1 — Cr^ - Wi/-^ ^ L >.u. a ...... 3 i 1 1 tlnaj 
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JLajjl 4-!L>. Ijr £> 4Jl_>JI sjut (jli ^c3 tjjij . j-r ~ i . i <o J^s_>JLi ^IjJjJI JLaaJ , i?l _jl ( J : u^a^ilLj 

• ^L » A VL Sjlj^>JI (Ji iV d^ ^.UH ^jua n*ij . j»jL»JI {^1 *£•) (J^-i- Sjlj^ti] 

Ijj j} <- " > ~J jjl t(j^_5JI lju& ^yi (J_aVI JlAhJI (J y>-J i4jj^la Cj 1 J tLJjJl ^ IS « a ^lVi > >i_) 

ijl e. I < i 1 « II c.'^iyJb ^y>y .~: , 3 1 lLUJJ . ^ >. .■ a i ^ i 1 1 £y* jj^LnJuJ i- J < r > I I J 3jl ^_>JI jjl 

* ** 

I JjL-u (j £ L lj j 1 1 y ^ ■■» a . (f J ■>» " JisLJl (_£l ) fcLjajJl ^_uVl_l e_j-Lol 4i£" £-J^A)l 

<^jLjjI ^ySLaJ ^ 4jI 1 a £ SjAlA j-.j C. 4j I ( 1905 jiL-C. c^ 3 ) L^ ~ 1 "'"^ ' 1 — 1 . ‘ ‘i I 0^ (_r^ 

t ~ t 

f<J 4ijLi CjLij t ts> ^_pVI a a 4_»-l j liil j Jji- 3 • l-J-jl-^-> fS 4 ^0 1 JLfc Aj-i ^jJLULjj 

^_u V I j i ~ «j ^ L->J 1 cA j_! 1 (jy i3j • 4-i A 4 3."J I £_yC.j l_4^a l j Ac - . i ■ 1 » "j (j I ' ■' * 

* * 

A~> f t (j A jjl {j < <i j L~i 1 i '% aqj ^5 1 1 C-) « ,^.*vL! LlLl-uIjJ ^£j_i <— 2_j_i_uj iLi . ■. i i ^ jl L)jjj_iis 

.<jjj_> jjl (j5L«J ^LlAAM 

— *— (j-j j) i ^ aJI »__A'}Mj i^jlj >J1 — *_i^t tyy oj il j a 3 a]> 1 c. liILL&j 

. ^ l lljln 1 i i flj jj. T 1 

* * f * 

J->-J _L5j . 1 Lt_ i i ii j j 1 > i ii LLa GjjL^ j^i ~ i 1 J_>- 4 x>-LluJI y j C. jl jJLI Jjj_p (jt i > Cj-uI 

»Ji aj ~ >J. I Joj-ujJI 3jl 4^wjJ Tq _j jCj-gj>Jl Tj CjjL^ lil 4j| d i j - >■ ~ 1 1 i j , j 

t (^j j<wn-vJl j-i AQ 3jl^>JI 4 _la^ 

AQ = (Const) (Tj - T 0 )t 

(jjjLSJI Ijui (jf (j^/1 ^ L» -l Zyx-Ij 1 JLj^_j_ 1U jjjjLA ^ * . ..~ 5 ai\ l « t l djulij 

' < 

l~Lja (JidJj . 4 1 j ji t ^ T | - T 0 5jl oyi 1 M Co <JL>. Lu^_3j 

tj J 1 1 1 4£j- u IlII oI j_uUJI i 1 3 1 1 

. . ' * <. * 

“-AJj C>-la-> (A (JaAs ^L».JjVL Sjl^aJI ^jl . i 3d dJLs. ^ d i - . y 1 j d J 

:dJjL*J.Lj jjA-LtJt ^>i- > v! I i a « i 3 jI^j»J1 d i 

(const) T 4 ] - T^q) t = AQ 

U_^-l L)' tl)3->L-AJ 1 1A* Vi.u l Ja£. (_yC.l _yj .(jl oj' iu ^Ll 52 MjJI ^jL* i_AjJU _9 

^C^jjJL Tq < l-l_ l -> J. I 3jl j_>. 4-J-jJJ T I (^vLuJl ~>JI Sjlj^k. AjvjJ 

* 

Cr^ Jjjd a J~ 1 " lj>>LA (jCs lj_i_t_i^> 3jlj^*Jl Lt 1>.jJ jjrij ijl£ Ijlj . 4jilUll 

. J-ly M 1 1 Lil 

(c^iAJI (_> "5 .*j ^ j_^AJl f < k i .i -'v J I (_jl) j j 1 1) V 1 ^ i . i •> < J I jjl cijLljI £jSLo! iiiUj 4 4 i i >> V( j 
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Li ) £!<-) "Laic. 3 JlC.L3^_J . 4-lHjlII 4_ (jj j I (j>3 ^_i£l 3jljj“J1 (j^o 4_i.<jT ^.CjJ 

. J_ i ~ >- j->- Jljj>JI i_£jl j-=*JI (j ^-w ^U (jl 

1 

4_iil (j^-SJj (_£,jjl ^jjJI f_y^ *111 ,j^o ojyJs <Lm^ u^- *I>&-11 U* ll* 

4_i_jlsjJI <_3yju i4_!ajJI cL^-j ^ylc-j . tl^U ^lll (£$13 caU (j^Lilja 4 j^LsjJIj .d-JLc. 4j^lsyJI 

till jllej 4l3f>j tlj_$Jl oJL^-jJ till jLit-j 4 _Li£’ j^_i 4— mil! I L^jLi (RH) 4-i.i<.*lJ I 

IjLA i _ jr £ iJ-j-S (j-o l_lrc_u3_j Lo£j . 3jlj_>Jl 4_i»j_l ..3 i JlLc. ^j_scj>JI 3j_>._5 ^_i.<."ij <— * U..3 ^ylll 

* 

i_i!j_33 (jjJl Cjl_jjj^>JI _}JLc, (jl_2 ijJjLlxJI £j 8 L 1 _u_xajLlLa £_i_Hl jLitJI La .1,1 c lL )^ .ill 

V lalU j ir t (jjl . 4 _jJ1 jjju c. jLj L jj_>JI jjuc. (_g_gl ■ ■'" (ju_<a tLy°j (J^l mi l ^ l*> < » 

£_i_JL_JI JliIj (J>l t — >~L a j^o j ~i £, t ^1 ~r ill (jL5 Ijl^J • j— i-ie_j_J I 3 jLjj ^ I *1,3.1 (jjl LjJl^c_) 

. j L 1 1 jl < 1 1 1 1 .'-i 1 1 (j_^SLi i^Uj j^c. 'u^ jLe-11 jv 0 t ii < < v~i~i 

4j_uailil 4jjia^JI uujju ^Li^aj itliLjjj_>JI JJlc. £_« l_ j .lm LZLj ^IHI jLDt i L.« i o (jl iiix>-j 
0 _ t * 

(jlJa ij^yJIJjJLI jUDI (j^o I_l>- jlll jl_3t_i (j^ I^JLjj . (JjSJI ^ u iJj laj) « .1 h\ J I SJVjlj SjLc. 

* 

: ( _ ;r J LUJL^ i_ajj_fclll 1 JLA L u £L c j 3JjL*_« ojyus (_y2j • Ly^j-^3 j jl!il <i~ a 

.„-,,, m P 

d j ■ j ■■ l ' I I — ' ■ — • 


(j-u3j Ljji Pg j ITly J Cjt^ *1-11 jLitj 1 lo.ii ihtj ^j_3e-rsJI 3j-^-_j <11^ Lui p , m C^-i rx 

.lLc jLU luLiLij jyo l jJt » j (3) I jL?c_ii! ^j O _ <.^ 5 3 1 jnjLa 

.*111 ,jjo 17.1 g/m^ 68°F 4^>.jj j_iii ^^i ll «.lj_^JI (9 - 3) Jjji^til l. . 3 - Ja 
3jlj_>- IjLa .«.U.I jLitJ (jh'j 17.1 g/m ^ J^. ^ »... ~J L (jl jaj. ~ 3. i I 

^ -3 i Cj-iLS I jl La) . jl_rt_jJI (j^a ^-^1 ^ *? (_5 (jl j> ^ < a j (jLJs *68^F (jj^ tl_j-(jJI 

(_j-i*at-uJl uLi. JLlC. lij_l_^j L*£) 68°F ^l^-^JI Jj-I jCJ 3j^->.^a tU.1 jLicJ (j» 4 J rXI I 

JlLcj . 68^F C.O-Q 3jl^_?JI 4^>.jj (jo .a_-c Yi (jl iJ ■>. * ■■ <a (j_J^ ^ . i ..i. ^\ ; t i_a^i 4jl_2 jllLa 

i_jLi_l3> <JllA (jjlc- frlj^II (j^a ■ tij 3 . ..II (J ja l. r 1 1 j j U 3 1 1 |JU3 l ^~I , -k j Laj Sj^SjlLI 3jl j-^*JI 4-s-jJ 

. (_£JL(JI 4 U3 I jl£JL) Ln^iua LajLIc. f.\ j^JI ^JLi<nj u^JI 3jlj^>JI 4->-jJ ^ a ~I J - Ji l-i a jl (_^JL1 _al 

If 

jn-*J 3 tl^JI 3 jl^j_>. jjl . I 4 jl 3 Li 4 jx£ tl^ll (^JLuIl 4 1 -> i i i^a 

^3 ^ I j j 1 1 « j Jlj^ i ~ i 4 j^j_>JI (_JI^j>.VI ( _ , 3 < <a (_^jLuojl ^ 1 ^ l^i-A (j^J - 89.6 F 
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i^JuJI 4-LaJL (jt JU>-J l (ji ij'^ j 3 / 1 . 4_i_j t_n 1^-lJI L_ 1 1 -L-L rt J 1 jl (_£JuJl i_Li 

(_ ? JLc. elj_gJI (jl ^1«J (jl IjLi U." . ,.l (10- 3) (J_aJ->Jl— > 4jl n w iVLij .60.8 F 
60.8 F 1 dll jLitj 4_4 _l£ (jV *tUl jLicj ^_ya 1 3.50 g/m* - 

4jvj_l! 1 <)jui . r.j_ jxl 1 jjlji 89.6°F *1^11 4_il»iJl 3jl_^>Jl 4^>.j.J (jl . 

(J Lxv « ~ i u Li 4 j i i .1 ij I 5 1 j i-ij- 1 1 1 i L. . .. ij . (JjjukJI «UI ,_j -a 33.45 f/ni (ji 

j i i ii~l d i i , ., 1 1 1 4-ijia^Jl (jl (_£jl_iaSjVI JL>-J » (j^ " 4 J <1 11 (j-\_)Lfc 

RH = iH = Hl° 0.40 
9 22.15 


(10-3) 


cUU jlifc-) 


T, 

°C 

T, 

°F 

M, 

g/m3 

P, 

cm Hg 

-8 

+ 17.6 

2.74 

0.23 

-4 

24.8 

3.66 

0.33 

0 

32.0 

4.84 

0.46 

4 

39.2 

6.33 

0.61 

8 

46.4 

8.21 

0.80 

12 

53.6 

10.57 

1.05 

16 

60.8 

13.50 

1.36 

20 

68.0 

17.12 

1.75 

24 

75.2 

21.54 

2.23 

28 

82.4 

26.93 

2.82 

32 

89.6 

33.45 

3.55 

36 

69.8 

41.82 

4.44 


(_$a^>.l u_a-I_*3j -ijj-uJI 5 U . i \ j_ lt. \ j , , ..ill Jujia ^Jl (j..l ■ q (jSLcj 


(Jjl u.l I (jl (_j^iLwl (_y4c. i4JsL>JI 4 l j i .'i j ! 4 1 1 .'i I I d i i , --*. .1 1 ^ A j . d »M 1 1 ^k j 1 1 

1 il4 ^L> J I -T i l l l (jlj ( j 1 -V 1~. ] l Sjl^V (_^ol n--i~ aV 4-rm| i~o Laj^H. IjJlj^-u l^Jib 

• t 

Lo-il J (j^J 4 114 1 4. L.^a ..i.. l l j (jl ^_ca 3*1 I jl ^<u 1 1 < i mi. a jLic-Jl (j j ^ i Lajuc. 

3_)_jL>jJJ j_Zj L ui (j^L ^ .a (jrG*l^^l (j^-i (3^-aJlj .4JaL>JI 4 Ij r.-^jll ,jj (jlj_JJ 3*ljJa Cr° Jsl 

• _) J . ‘ 5 (_r\j l^_jJ, ! U^-J (jl^ ^4 15 1 4 is\ a~x-LA d j . ... 1 1 1 4»> j t'l^- 1 1 t~. i lC l /. 1C d , d ‘.1 1 


i — Ur*~ 1-^94 4-ii.i.uJLll 4_t^Li- JjljL>- . ~ ij j-w JLBj 


• 4 J J ' " 0 1 4jjIa^JI (ji-iAj 4 aj tjl^-jJ. I 3*1^2 ^1 ■ ^ 3 4 .~.t l ^llnu 
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jLaJI J 1 1 




LiiV Iju&j i LJ ljuJ_Lii 1 n-L.il-> i .t i i xvl I ^Js 4 _lIL*JI 4_l > mill Sj^jia^JI l . i 

(ji9 1 00% OjL£ I jl_3 . JlL>J I ■ *• t-\ , ., S j I 1 J -* y ijlj . i fl_! ‘S ~\ 1 1 ( _ t 3 

(jl ^2 t - 1 1 1 . 1 1 1 jJb I jL&j . JlL>J 1 ^ l~> i i J (jjl i*~ i. > sc. i j>J j^LjJL)^ (_£l 

.< Jo^JI ^LUI ( _ T is 4_La i_aLr>Jl ^UII (jJs (Jjal 3jl^s»JLi 

(jjjl_j_a £-J^j| La-£ ■ 1 gA ij-i uj Sjtj^Jl ^3 a 4.j n.^Lla i isi .1 ! I lju!> Lca-3 

* 

jya (■ ijr i^-i 3jlj_^JI JLZbl Jjj-b i-iiu-aLlaj LLa-3 J 1^> All | jus 4_jL$j . Lai 3jlj_>JI 
4JLvjL!l 3jU>*^JI j^I 1 1 ■ . < 1 i J 1 SLissJl j a1jU> . j , >. « 2-i ^^LaJI * > a lLljj £-4 i I J < . -n rt~ I I 

. i$ p j lA 3 J ^ 1 4_j->- j ' -*■ j 4 2i*ll I ^ ' A Lai I 

jjjjLijj <lLLli4 

S^jjl^jv 4 _>-j. 3 j»~~) ,jl (jjJ La tjjyji (jAJ 3jl ^>->JI i— sLuaj (jl (j ’N 4J (J-& — 1 

jij jLLc. <■•'■• -»■ H jj_a 3 . L< a jj_a j^jl JuJL_>JI jya 4 *_La3 jjLj I jli — 2 

SSjlj^JI 

:_] <(j l •>■ illi J^>JH i iLi-tiaJI j>_a 4 .i _u 4-axLaj 3Lla«— a ^icsjVI Ijl kl-ijLScJ I jLa 3 

*> I ft st t" 1 . ■. jjil j ■ <aj (jl (_jji^a*JI 4 . i.l i T^--~ -mi ^ 

. ju^r.ll (jl .L~ t d (j_j-)Ls j_4 4jjlij jjj_ilU (jjj^u (jj-iL^ — 4 

:4xUlII jc-uiLiiLi j ^ < ."i 3 1 1 ~ 5 

^oiJI - \ 

Sjljj-JI 4^>-j4 — < i 

4jjIj_>JI 4.t.< Jl “ -»■ 

4_ijii^JI 4^>-jJ — J 
■ jl j<^-» *^l Sjl^Jx _4i 

. J_pt£3lj ojl^sJI (jlj^fA ^-L 3 -? — ^ 

.(jilSj (jJI ^ °50 - 7 

. ^ ■ -j 1 1 (JajsJ L 5j I I (J LTi i I 4-JJ^La ^ j-lm I 8 

. p ■ -j 1 1 ^a L 3 j 1 (J L33 j I 42j^La ^ j~t-u I — 9 

- fr l m .~. VI 1 3jl^->JI (_|SLLjj t 3 l^> ^ ”10 
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3 JL^Jt 
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\ g ' t 1 *> jJJ V | 




4_a_uLa 

(jj-hj-^ i3j-AjJ(_a Jjl.htc. Jjlj 4_c >JL 1 cLJ liJ I < » l j ^ ^ 

12744 ~< j.^ 1 Lij-La .^^u/,<l£. 5,52 L^jj^ Jj_*_*a j - j 1 / 1083 

. (jj 3d 509,9 i L-u^q . 1 2703 Lxi.il I Ls^ l~i °> a 

* 

J-Lc. 5Ljla <i_rc4iLLd — L^j^-L-i^ _iL*j| ^/uu ^ i <_l4j (_p3jVI (JSLli 

. ^M-i La-dJ 1 

jj4i lptJ- 3 4 j i.i 3i Jj_>- L$jl jjJj t >u^-4 Jl J 3 ^ oL T l^u-uj jUfT 

* 

■^r ? 4 A ' jlwJ_a 4_jjL / 30 l_4>j_L^ <Lc.j_u , iJ Ua^-J 365,25 ,JS 3j_JJ J_j_>. 

. (j^oLa 149,6 1 q ir l A, \jU JjULO 

L^jljjJ L> J> ~ ‘ . K.^a ^c, J-yu jj-Je_^J Jj->. J5 3j_a L^ . , ,1 . 1 ) Jjp- ^yajVl J_$j3 j 

. °66'33 Lij.j2 4jjljy (_yj.0-.jJ I 

jl B 3 lj (Jj-UI (_^Ljlj jj-C. 4jj j) m il (^ii (J-jLO j^sk^oj ^LS^JI jjui 

• i,>® jXl < » (_yl£. d 4. 4 - ~* 4 1 jj^LaVl jL^jJlj (JjJlII <Jj 4> i_a 5 LL>.l j 1 ( J^^aull I 

* (Atmoshpere) <— t ^j^-jLiJI i2>yt_« Jl .4_jj^y£ 4 _alc.f ^_ya 

t -45 L . « 1 1 .(Hydrosphere) (_y_>LU > II 4 ~ , > J . 4 jjj_^ 4 _ 3 _Laji ^5La ^ . .. .V, 

.4^3 Laj (Lithosphere) l_JL^J 1 .-M 
.SjaSjil 2GM4JI SjLLVI ^ (Biosphere) jl^a 

^^>41 s-S^jlII 

j^Lx, * — S^3_iJ I I4a> . 4 j_l3sjV| 4_ujL>Jl 3 ^JLi L^jl-o (Jxjj^a ■ U ■ •» ■ , 

J*J>d J5Lx ^-43j 

.(_p9jVl SLoJl ^jlc. aIlm Oi^L 3,5 J2s _lc.Lo l5>^I c^>UJ1 

Xi ♦Lsjl^-d JL -^ol ^jlc. JiaL^j ^jJI jji ijy >— ^S'2\ Cr Lc- ^L^JI ^>>4! wa^LLIIj 

. 1 gjlr ( j - 4-ifi j CjI j I jj i_i>f, 
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J l tlfr 1 


Oxjl— S . L&J^io_)J (.J_illj_l Jo Loj.V I ^LflJ Jou-ljj a nj A t^i~J (j J) V M |_3^_*JI fc r\ A. ' 

.^_j-JI 4-il r , Lao. cJiilitj L^jja^Lc. j)L£j .3j1^_>Jl SjoJui Lij— aO. 4 jIjlj ( _ r 3 

^ »5 

ij J -lq] I jl _ La~ 4 « j . 4j^ju 4jvjJ ‘-^*^1 4 « i>n L^jjl^v 4 jvj.i i3jLj>- CjljU. j>u U^£La jl£ 

* * 

Ool^ . 4_La l^yj-i^ ltj->- Ooj^£ Oj-j-i^Jlj jj 1 a 1 1 j JJ I I vol &J-A Ojl^ULj LJjuVIj 

3_^U oJsLj 1 ^‘^jv SjJb . L^jjl^uv 4 jvjJ cJ A~jV Zj i X 3 jJ>j *Lc.j—lmJ OjI jLtJI aJUb 

.‘LluojVI 4-ijjLvJI JjUoj £jl_v l£-^ Lfl-4 cUjJLjv 

* ( 

^yjl£^_JI JoL : .. J l IjJ 1 4 3 j7j 4o! J_jl O-i ■"■ ^ O l j j Ljocj^Ju OjJj-j 

* 

OjuSi ^jov j_jSoj • j* g 4_ulj OoL£ OjljLc. (ju Olvjovj 

jlj o ~ i i i l l j_xi i-l Ojljl_C.j Jlj *LLI jl_itj_j (j^j^SUI t j 4 ,i *?1 ^io <ju 4 _Lvj_LI 

jjSJj .till jLitj 4 J^^Ii 1 (f°374,2) 4-^.^ovJI *141 4jvjj (3jlj_>JI OjLvjJ j^jIoLaitjl 

J^ 3^.,i ~ ) Oo L5> (jl La-S . 4_JLc. O-i 4_vj4jj^I oj mi 311 5jljO- 4_>.jJ <j^? i.t > i £ -4. ~T (*J 

O i lt-"i (ti 4 J — 1 ^ I 4 4 j' I j. i~* .i 1 1 Oj _J^_j Lu t '<r. 'jZjj . Ju Jlo- ^ylO- 4jUO-aVl l 0 jl C- 

L&Ojj . OiLL^-j-^lIj jlot-JI C.<- « _ a -j > oj jU^Vl 4_4mJ LJ I ^LJJ O^_o - j tjlluaVI 

JL2_a . 5 j_ u l£ 4-^.jJ (^yJl J j I n^t 4 .>.lii.’» 0 I 2 Juil ( 3^4 iJ l i < ^ j j . J lj 

* 

^2 4_La J^jj 4ji 1 1 ,-ijJ-jJl Ljuo^uo_>-j Qjl’C 1 I 4 Mill 4 j_jj>«j 4_La 

iOj^Su -*UI (_yi3 e -j- : ^ k r J ^J i4_lUojVI 3j— i-oJI ^l-n»i ^yJjC. Oj_jSj (jjJI 4 j^_lj>JI j jo r i. "i H 
• 4_L>.LtjJI j^oLl»J I Oil Jlu eLLl (JjiLaj 4- a - LD ^jlixLI OiljLc. 

(j\ "i. jJLl OjljLA Oxoc—i i-o t Qi.j_.-v i|^j_j>Jl i__a>UJl (jr3 4_l!LiJI 4 JLvjJI ojI ju i 31 

ft" £ 

• 4-La I^i-jj^ Uj^ jUbjj (_jjov jj ' j(jllj Luj-a^Mj 

4, ,1 1 a LLfl 4 j_i_JI Oi-il£ O^l-'v t "nj ~ -ill pJjS J>U- OjI J_) 5I_lj>JI ^jl 1 3~ ■ J 
I^LtJI j-UJLIj 4 4 ^ O e- o >]l (ju (J 4 .a i"i 1 1 1 4 cUI jlitja 4 _^^jj_Sjij JUA OjljLc. 

(jj^- 1 ijl jj^UJ I j K - jLc ^>- j - « -l I I Jo l - 1 .i 1 . 4 J I j 4 JlC^JIj 4_j_ 2 (jL^ (_5 jJI 

• jLjjvJI 1 j ■ l<* Oj(_1j (jJJl 4 4-JJ, 1 >1 * II jv JjSJ) Oj_L4.Lijj 

5l _1 -yj 1 4(_£^_>Jl ^yuj\ ^_>Jl Cy~=x. . 4 . 4 — 1 Juvljj (_r^" ^l.- j- . a -J 1 OjIJu 

jj I ^3 4-lLli j)_a Loj . 4-jjjSo Oj I Jo I (jv=c- t^l ^llo-O C7-^^ 4 VlJ 4 .4 J I cUjLUI 

c ^ # 
jj>J I Oj I 3 .Vi 4d 1 -y 1 . 1 3 i 1 3 1 1 4_t_Ju I _^jj Hi 4 _~t-. 1 ~i 1 4 4jjj f V 4 uj^J<oj j j^-i 4-lu 1 6^4v 

* 

aJufc ^3 I J- jv 4 Mg OjLjwo^j Sj^jv^JU tU.1 OjLjj^_jv (jjJjC. ^ 60 ^I^-jv ^La-ijl l _ T ic- ' j'»H 
Lijjo-oJ j^yJvjL^JI < 4 1 1 .*-1 J II (_yJt <~4 3lln tl ijJiJl 4 jjnovjjJu-gJ I Oilji L^SLjSLjjj 40jluiL2jj'^l 
. 1 j 1 3~4 1 4 _luoj^/I 4ojjL>JI ^LLo-j (j->^iIo « ~ ■ j .~i LyjJl O^ T ‘ Oj iljjj 4 
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^‘ l- v LljslJjjG jl jJJ j->Jl O^—T ■ i I 4 _< ^ £ C j Jlj. \j i4. ln j i n i H 3 Llj>JI aJ~6> uli ..i . 1 1 

( _ 7 jJI SLpsJI Cj I JL> L&Jljlj . L»J I jjJL.tuit'iJ 1 i l-i i i /~> y« % 1 ) J J " i -<Ij -J-o- Ci. l i^ 3 j 

.tljjJlj 4jLLaJf Cjy^ T ■*■ I 

^jJLnJI yy>JI i_a5Lx}l 

4—ul j o _ | £ oM-C.Laj 4-Jr I ~'l 1 ^ i .1 ,Vi ( _ > laj^l y<3 LaJLij, jS j L^sJb yy>Jl <— S^L-iJI 
(^SJ .jLuij tLa jLxjj 5jU_Lc. Cjljlfi y« Ja-ti>- 4jl .^10000 ( Jr 3\^>- 4£ la -<-u ■ 4 -lj1 

y •*•-■“ 1 ^Nlj J1 i4jj4 %99,9 ( Jr ll_j_>. jjjSo iL a -a. 4 CjljLc. 4 I II 0 > 

<— i iL>JI tly^jl (till jlitJ 1 JLC La) tljljLiJI <>JUS> i-i i *i ) .till jUtJJ (jy^SJI (yLjj 

: ( 1 1 - 1 4_uLlLo 

. 1 g u .i i j («.UI jU*_» Ijx. Ls) i_b^Li-U <Uj£LU cjljLiJI (11 - 1 ) Jj -!->• 


* 

Ljjj <UULLi < i LAt\ 1 i 

< 

1 a ~ k 4_>UL A 1 1 *i ill 

jLiJI 

75,51 

78,09 

— 1 

23,15 

20,95 

O 2 Cjy ‘■'■'^1 — 2 

1,23 

0,93 

Ar ,‘i »c._l — 3 

0,05 

0,03 

C0 2 yli - 4 


.yy>JI i—S^Lill CjIjjjI jl CjIjJ lOllyp- iJSLiIi ^yic. diljliJI aJLA 

(N<j) y_>- jj-jjJJ I j Lc. 

Lr^ - i 3 ' : ?‘ 3 - a 3 -*J • ( 10 " 1 4 _ 4 jLa) i_ 3 ^L*JI £Lj 1 4 j^Lj y^o ji£t (jy^jy-uJl yySLl 

* 

f I yi . iL .4 . > J I (N^ ) I 4 K ig i LJ Li _l_~v f 3 :u . ^ I n. . -. 1 1 yi a j 1 1 4 j LI | 

^ *~j La _i j -c.j . LL J1 y_i.u.q_ > JI LT b (N) yj jJl 4_K ,~. > ^ , I y 

14 

(Jg.1 . i"_ > I J-A . ( C) ijjjjS (^JJ 4jl_3 i4j».jJ,I j j i .-i'^ j^JI 

* . # 

03^? . V i < Lj^SLo J->Jt CjL L-lLs 

^ * * * 

• ^^^-11 i 1 i j ■ i^Cl ^^jLj ^y-4 Lij^-4j 1 i }|*fj l U 1 1 ii i 


(O2) (jrj ^ t jLc 

120 Jl (_^3 -Sy^^a yaj «( 10 - 1 t_a>LiJI ^-u aJw . jjrJIy*- U3^ 
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<(0-,) 4 ICni (_ 5 -l^- LJLc. 60 (_ :r 4_>- (j^LSr i -l£^M . 4_La Lr Li_4_uJ I 

• (O) jjJjjJI lx 1 ju£> 

fi 

^_j ic. (_^_ 5 _>JI ujbM-i-Jl ( _ r 3 (j jS u 4 . Ij_>- 4 i . .4.J _^>Jl (O 3 ) 

* 

3 ^ _i j— uL 3 Ct*j 40 - 30 ^L3 jj 1 (_ T ic. UU. » ^ 60 10 ^Ljjjl 

3j_j^»-^il CjLoj^-jJI £_a J^tjj ‘‘-l : ilj'a (_j4) J J o 3 H 4 ,jy jy_i , I^M iZjL1j^j>. { _ t 1c (^->- > ' ■ “ 3 < ) 

0+ O2 — y 0 3 , O2 + uv — ^ 20 4j^S4a 

# f 

4 jI jl 1 I _!_>. j 2 .' ^ 4 111)1 41 (_ r l£. Luo j; ■ --» -wj I ^yi^l 3Li_>JI J^lc jl « 11 1 Ju5 J uG 

* 

-4 3 i 1 l_w3 ^ 1 .^i •>- eji/'H gjL>._j4 SjLuaJt wf^-uLjil jV« 1 $ 1 o tc_i 

: ( _ t G- 0 ->- <j-a ,j^So iC^-ilii j-lc. jL* 

O^ + 0 — 20 ? 

. 4l|-i-lUj dj^S4il 4 _la £ jjo (jjljG Ju»-jj 4_La 4_ui£ j_i£l <2^0° 1 Lr^j 

43^1 gj-3 1 ii l^a < . .. <N I <_.i) 3j 1 IsJLii (_ 7 3 J4>> IJU jj ^-1 

. 4_L^S4 jj-4 juiiTt^ 1 ^ j-4 |j_j£4j (_44l iLxUJl _j->Ji CjLSjIo < _^ r il ^ ^ . -o 

(Ar) Oi^jVl jl£ 

.,2r^l^_jJl oLii^ja 4 ' j.La oLugSL) ■ 4 j » j ilaJI oLjJLg*JI cj4c. ^3^j ^ *(_0il->. jLi 

OJ i4 1 1 1 diLa-tia £-441 ^_3_u-4i Lj j-4 1 ji Oi i^i ij 4 _^..._lTiJ Cg)^So 4_Lo 4_u -4 

. LJjlII 4_i.iGoj'2 I 

(C0 2 ) UJJS&I y4Li 

jjJLa ■ - ■ 3 1 jJLo^Lt^ 1 ^2 4 Vi t a lji>- 4 t-ij-**'. 1 4 a hi m 


3jLl^I j ^ ■' 3 <~ Jl ' (jj»S4j . I ^-La-i-M 3^4 dJ 4jLga_J! Lga^.j^-i-v. »4_La 
3_^-i_i-'i/l 'J) 3 » 11 jLiJt I Jui 4 .u2i ijl i n i^/l ^^Jjl-3 ^ 4 jI 

fi 

.3j_u>.'^l 4_Igu 4jlii % 1 3 jj-a >-^l 4-~u-4^ dj J 1 j ^ j ■ I 

w 1-C. ^Lj->41 J 1 j-<r> 1 1 u\ |j. i .iL-ul (j^J^£sJl J < „g l 

(H 2 0) p ui jUkj 

jVa ^ ' 3 ... 11 ol^GLaj^O 3^_i i i_ tJ 1 4j j- j -S’jG j., 1 .(^LLl i_3^Lxil A - U . .! jj-a j-itj-Gj 
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o^jVI 

jL*tj d . . .,'< .J^J\ ijii lj— ~i_a j.Li5> 4 H_lLI 3-ij.^j— ^ 4_La %90 ^_^^L_*J| 

. %4 ^J] %0,05 j-d £j1j33 > 5 ^ L3 -a <-^MiJI 

LsMill ySjL 31 33^ 

v_3>LiJI 4-illx. 4Lllre_d jl^>5 O^-jj 

“LsLLJt £_ijjj 3j_Ly£ d-Laa-Jsl L<$J - i >-y mi l 3.1j>.jJLl jyli-JI *— 1 Ll.14^ w J tU.1 dll Llj rt ) — 1 
, * * 

O^ 3 4 -L'^l ^U=J> (j^> I j _< i ^ l*j_dy (J^Sju . ^jlajVI ^Ui.i ^jlil L^jjtjjj 4 jjI j-a»JI 
^j*iq Lll J-a 4_jj*^l 4_>.^J.I 4- Li f | l~> 5 « /i. Vl ■-'" ^ »j . 3 j_i i .^i 4 j^lj_al j£Lu (j If ^ii o L . 1 I 

■ I 0-° 

^3 1 I J > < .1 1^3 1 J » 1 1 J ^-L^JI 4_ia UJ I j-l Jd-Ttj S^Ldlll .~'l .i I -wj jL.il 11 (JLl <l_tL l1jL_LJ_>. — 2 

* 

J-d jlj^I I j n -y j>- (jyjJI ili L i i. -» Jl . e-2>UJI 43 jt .i~ a IjJLd 1 j a- ryj -j L^jjj t -;-‘- “ 1 ' >> 

jj-L j*_iJj_l iLil.i.i i_t«JI fcj->- j— . jjlaj'i/! Cr^ 4_ulj ■ l-> 3 . . .*i (jjjSLa 100 

* 

(jJ I J _ « . i. ^ i l J_S (j j j£Li_<a 1 0 jj^a j_i_LO I 1 1 _Lj»- 3 j_j_i_uaJ I <J1) I u i >J I Ja3-^ . ^ 1 (j_a 

. fcjlll J i ■ ■■ 3 JLC. I J-uL dJjjLs 3j_a i_i] 1 1 A j^jj] j 1 0 ^yO jh£ 1 aljL Lijjl 
/ 

juJh ^ i I jl^>- <-L2^ c-lLj ^jL-I viiljLc. <— a^LJI jl^-jj LLi 

. Ltj-bC. j (jlLil a j-'Uv j j . 1 j j 1 1 j (j I J ^a jjl J j 1 lj jj-yj I JL %0,07 

i$3^ I LiliJ t L_<_iSjj 

* 

(jy-L (j- 't * 2 1 I j 1 .S « ) 4 3 1~» 1 1 lJ7 l I .1 3 a Lqjl j . LuLaLa jj-ojJ ^ I Ls^LJ I 

3jlj_>Jl *J1 jL>.jJ d_i-iL j 1 .t ! 1 oLi-uaJI ^ib -~~> til l I j . % » \ ^C. 1 3l~~»-* .oLajiIa (JSLli 

. L^jLj£L JajLiaJ I j ( J 0 - 1 (JSLjj j 

d 3t-» i *9l ^Jl |t<La i_3^LiJI 

(Troposphere) 

* 

Lh 1 “ ' 1 J-»“ (Jrf- 3 J 3^ 1 - 1 3^3 i o^ > S^\ tLl^ 33s 3 j-^Ld JlLil.ll 

(jy-L 3 1 J ~> 1 1 4 \ m i 1 1 Li JLLu jajS! 4 jJ . a I j ~ , .jVI vU-i. J_J-3 ^ 17 j < -U^U 3-5^ 9 

:4_JllJI uLu)ll 

^ 4_j_sL1£ J_5j . jLLlJI Ijla jj>s %20 ^Jlj-^. JjSLj ^jdl ^^1 ^Lc. _ 1 

.(jLuJ^I ( j-uL-J 4 j^L 1 4 j u~ij 6 jj^a ^ i^LojjVI 
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J-n .1 T I 


(_) _ ! "j O. "4 1 4_iLa-C. L7 Si jl-C. .(jj-lj^Jl j-u-m^l ^Lj jLc. j — 2 

. 1 ujLl^c. (jy-iij ^^jVI tljuUI ^Ljjl 

I JLi (^,3 (^jJl J t4_<jjjL_JI Jyaj uli Ua_j_t>J, I j jl._ 7t _i. i l jjja £jl_>Jl till jLitj (_^j_rtj — 3 

t * 

.^ij jl J In a !_1 5 I-l 1 i jjfic ULt (jltSj'^l JolSjjjJJ ^VLJI 

# * 

5j_ii.rt 511 4jLuiVl LiK jl 0^1*3 (jy^Il d_*IajVI JalTi 4' lj-A cr^ oljLiJI — 4 

>1j7 51_lII ^ < a (j /i~ <1 1 j ltj->- i-iA> t j _p3jVI Jjj-ojJl SjLtiaJl 4-a.jJ.l 

. 4j>-jJ.I tlLjia 4_yojVl 4 jl2uVI i OtSjJI (j-oij 

,^JI ■ ■ J U .0 I j CjL&LtKJ^I *-!-<- > - lLJj-^IuJ ;j j‘\*~Q j_ULlj. Jj-Jjjjjl JjLLu 

. 55— (jjt LlL « JI cJjjls- JLlC jJ-i-tiJ ur^- ^4-flJjVI £>3 LitfcjjJo 4_t2 (J-SIj 3jljt>JI CjLvjJ 

* 

' if d si I 3 1 I 0_Li 2_JJ J_^_jl 1-1 I II ^j3 <,10 .' (f jLl 1 , 1 3 ,‘(J3 Lt^t-ljJj >.!rt « 1.-3 il Jij 

. LlL*J 1 fljjjLtw 

(Stratosphere) 

^ j_t*J l » h> « <t~il I 4_jJi (J-JJ • LiJj-*ij 50 ^ j 1 0 I j_>- ^40 I 4$ <•. i_j 

— I I7t 'J.lj jl 3 jIj_j-JI eiiL>.jJ . 1 jl t !l 0 Jj Ju>- .’. tf LlJj_ 33 j L-iL a 1 (^Jl j^jJI Jj-a-j 

JjLLxiJI l ' A ^3 Jlj>. J _1 . LlL*JI J_t>- ■' ~I f ^ °10 (^Ij-T*. ^ 1 .i mil 0-lJJLt>- ' if °55 

^-iljjjlj j_*J! jjjjSjj [^4^ j— 2il5 4j (jjSS J>_^j 4_jJLdl ei>L5j_>- 03^ 

jlkJl l_La Sjlj-tv 4_>-jJ C-^l jjjl •Oj3_?5/l d 2-Jo j<sJi_(U3 4_^3 (j j 5 ~m . j j . i i n jjjj-Hjl 

4 j 7r n 3 l 1 1 1 i_3J-3 5_ t _jiVl ^vt ^j^alLxij i±ti->- 1 4_ul J .^_l 5> 4_uLj_^S 4 -iLi_c. ^ j-jlj 

• Ujjj’ otijjj>Jl ^3 Jl^jG eilljj (^jJl (J.I O a j_)_a 

(Mesosphere) 

JaJLuaJl 4j_ 2 (Jij . L±jj_Sj 80 4 _ jr J l 50 jrLijjl (j-4 30 3^ a -tJI 1-1-4 ^- 1 - 3 ' " 

* 

LocjjJo J-aj 3jlj^>JI CjLjvjJ .(^jLlJI ;_£jj>J 1 J^juttaJI ^ya I / 1 0000 jjlal ^1 jJ-ttaj 

d 3 ,U Tyj tj-^- J-y- 3-i (jLLaJll IjL* (J 3.i.ul t _ ? _3 . LJjJt J-tC. |* °56- L? i\ (Jj ^i~ (_ j~ i •* - 

(Thermosphere) 

JoIS (_^j_>Jl JoJi-uaJ 1 . Lljj^j 600 - 80 j^LiujI ( eia I^JL q jJLiSJ 1 oLl >0 4.JU^>J 4-SLcx-i 
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ly ' — 3 * 3 ^ 1 " 1-^-a jL_il<u . 1000 56- f^yA 3jl j >— >JI ci>l — >-ji . 1. >. *>- 

^ J L^T li-u-j . I vl« .1.^1 j. 1 1 1 3 d ‘ y i" d i a dwaJL^u CLi Llde-ilf ^ 4-^-Lj Cl I i 'v .Cjl jLiJI 

. D. EL E2, FI. F2 .-, t 3 ,u ^ A d~ j 1 ~ 1 1 .-1 3 " j I l _ r i £ - oLixld d_^u_ 4 _>- y, 1<1_1 

. 3 ~uj-> CdUaLjJ. djU-all d -es ys Ju - u ,jl i U" . 1 jj i jj jljJ l oI>jjs i _y£j>h ciil 3 . L II 

(Exosphere) 

cjL>.jj .^10000 jwd 600 i \a 3L-W.JI l_es _Clo 

? fi 

Lij_ui d_LaJ .i » 1 11 Lj jJi « 1 3 _Lou cJ_^dt 33 diljjiJI . I_L5> d 1 1 1 d . U 1 < . 11 .Ijo*. eLJLc. 4 _i5 



(Hydrosphere) ^jUI ^5UJt 

ej( Lj -> .11 ^ I n i n u t j 1 L> 11 tUI 3^ i_5^L*JI lies 

ly 3 %70,78 (_$t “~f£ 361000000 »j j .^11 j * ■--» yj d< ^ , ,, "■ 

•cA/^ ^ %29.22 ^i 2 ^ 148900000 1 3^-1 ,,.^ i^oLil Ldl .j*jy l - >u... 

Sj_3d»-_J-d dLll dJdS { j^a (%97) j-4il • dLd a aJl *15 jj J 3 1I*Jj 
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- - - j k uC J ii 1 1 

< _ t j 3 . tl-iila % 2.15 ^ j L - u_i 4 - jJ ^ lL > J 1 jjJollLI J - lL>J I . jLie_Jla 4 1-1 1 -> ■ 1 1 

.(11 - 2 ^ 0 j 3 L^jJLca d _ 2 a ^>- 4 _ ujjLJI 

^ Ii 1 ■ u . ( ( 992 )j j - L> £ il)- 4 ^ * • . 1 J — ’ 1 oj ni.ill <j^3 a } ^ ~ 1 ' ^ I c aLiJ.1 (11 -2) 7 J — >-^*~ 


iLlSLjj-H I tU _>- 4 _‘ ^ ijJ I ^ ■ -'ll 


^j^UI LxuDI 

■^i£ olxLl ,\ a.x 

alall Jlio 

97.2 

1230 000 000 

1 1> i % 1 1 J jl ^-Jl 

un 
r 1 

28 600 000 

JLJ.I 

0.3 1 

4 000 000 

jk 800 J^a-C ^jLZfc. aLkil 

0.009 

1 23 000 

CjIjjo-JI 

0.001 

12700 


0.0001 

1200** 



■ ~ 'I - us la ■ " ^ 2450 d 7 i <- 2-i.i^e-a ^ I-> « 1 4-1 jT> . .> a Cj-iL£ aJ 

La^ ..^Paj^iM d^LLaJI £_i^^j_a ja_i ja^tl d_ ~ i lt _ - >- d .-4~ ^ I i d_u L^_i <a 1 1 cU3 

(j jl.«.l' d_iljlj d-i-ujLJI d-i^j-xj (jr 3_a (_2Lc- 3Lu>Jl jLili! _a jltwI^j ^^3 d_L^ t i 2 1 dJ ,jl 

l \*a £-^La'2l i \a J^-tLo 2,75 Li^ 1 1 u iiUjav . >JliLLa-L>JLI jJS_.IL (_-ic. L^Lua 

9f'3.5 Lu^22j <1 jLj (11-3 ,Ja_U>.^ ililtrw •>-!! ^^-3 d-u^ij . dill I-i_ i -> J. I 

. ^c_Jla . t-1 . .. y 1 1 ^re-JI ^JlLa 5j ^ iq.-»JL I jLjt-JI ,_j2ajij ^js -Ljjj 

. ( 1 990) ... \ >-.-%■ jLa->i-a j -a till Ixj->ii.( jL«^» ^,3 (11 - 3) J a-iav 


% 77 ,7 


r /r 10.08 


%4,7 

i it 1 | 

%3,6 

^ jl ■ ■ • - ■ KJ ) J2j Ll, jai 

%2.5 

^ j ' ■ ■ Ij <^_J 1 ^Zj IIj^) ^ 

%0,3 

* J 1 ■ ■ ■ j, * H J ^J| I A , f ! l^J 1 ,~d 

%0,2 

(*JO ‘ 1 

%,2 

c?^ 1 C^-°' 

% 100 



. jJLI . ,....i La_a d_udL>JI 3^2L> ^>3 LILj a. 3^L»JI I jui 
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l^ j L-iS j-ij ^jVI 


(Biosphere) 

d_ul^_j_>. 4 ^Hj_>JL 1 L^C.1 jjL 3l i_>J 1 l j ' 3 3^_JujJJLI Jwd ij^4f i_d^LiJl Ij-S 

.^Jl 4-ii l~t3sJL 1 j_j^L<aVl ^^b e^ljl^j^JI jjLtLaBj d-uL^-^-U >_-iL « 4 J I j oLLiJI j j ^ ■ £ 'thW- | s 
( _ t jLLI (^a_>J1 d ~i M "it I dLiLlVt ^3 dii-ljLj-fl .jal^jvl . \ j o~ ■ ■ ■ ^ ^j_u-Ja ^ LV. i d 1 — B^LiJI I JlA 

dJSLij ^^54 ^i^JI i^j^LxJlj . L^olx \ i _i5 ^jl Vj .djlLiVI >j_us j-i . ^ j- j- i H j 

* c 

4_AJlL_>A l c\ u_>J 1 l “ \ i i 1 1 ^ 1 1 $ * 4_l 1^ ^L-JI l_v ^ ^ 1 J~> 1 i*>> i 1 1 j Lj A-3 t j / ) ^J1_>«JI 

L^Jlxs Jj j£j ^ ^ . L^Ll^ i a *jIj j»Jjp CjI lag >*M j ^ < T u j ll V *1 

. I . . A_u <> j L 1 • ■ 11 j ^^-jj>«JI 

aA_Lj*_« Lcl ijl 4 __ljsJI oLuLSJI LjLSj qSLj cLt-u%- - ~*- > 3 1 ^_uUj aJ 

-tcJI (__ 5^_^e_>JI d-j^j-L^J I j JJa djj^-u^JI j ^yz 

4ld^J Loj ulml I Js^LxJt 

dji Jj (>J B BjJlij . i y d 14$ i i,4.u.>- ^J^L! dj^$LU jl j_JJ j^>B eijjL^- dji ■■ ~ 1 1 . , . 1 j ■ jJ 1 C. i . Lu Jl3J 

cJLLii C.,j,*.. * i. , > o j j4sjJU dL>oLj (JJLjVt jl^l! iZz£y>^i ■ j 1 j 1 <a I j 1$ 4 Zj-iL$ L^-JlIc. j. <•■ C. 

.^i^JI ,?L>ljIj J» jJLl CiijJJl 

j<u (Core) dljjijl . La— I cjLbLLu dj^^La d J '.ill ^ ^i-LJjJ 

.(II - 2 J£21) . (Crust) 3^3 JLb (Mantle) 

(Core) 0I3UI 

( u-° % 1 6,2 oAJ . -y^ / ^ 1 0,72 UjlbLlS Jj^z 3486 Ls ^ 

^ 1216 Ls^j-LaB i .T > i > d-ii r t-i J 31 yi ^jJl d ...... 3 a j . 1 £ ~ hC %3 I ,5 j ^yojVI 

dJL>- I^B L^jI - \ 3" i IJ j 2270 -Z 1.U d_L>.jL>. . d_;\ t ! I . ~ > l .. I I ^ t j| d-1 1 . 1 r J 1 1 Jl 33 jDJ 

. 4J >t „Jt eal 3 i.o L^J jt dJ^Lij 


(Mantle) ^Li-^JI 

d-iBliL£ . I q ~ < 1 < ya %67,8 j %82,3 2885 d^ a , 

Cj I I 1 d3jt y- cjL>-j j ,jl ^>a 4 j5I i. - *i 1 1 eiil .i i .-> L^I djlL^ija . j ^<ui 4,53 I ^>. 

. Lij 1 g i i~i 1 1 d^.j J 4 _Jj_3J Lj d.i.d jJ. I ^.im Ci^d i r> j l^ dLL I B 4a j » i ■'■-» 1 1 

(Litho- i_$ j-z r t .o J I cbMJJI 3^ , L , 1 1 1 d_iB *- J-y .djjjlj d 3 U. \ I ^J| ^ . .. 3 j dJI 


203 



1 q*v i Ai tu >1 j <.ii i^/l 4 _JjLj9 L^J 4_j jJ 4 JLlLd 5 ^ i"il j ^ l -> - i ♦ 4 _lLu3 4JLj_L> <jt^3 " Sphere) 

I j^a ^ 5JuL>JI oljLjUl dSj->~ . (Asthcnospherc) J J l ~l I l ! j l " ' I'l Lg .ft . , j M 1 *^600 

• 4 uIdj V I 3^-JliioJ I ^_U^a£Jl 



2270 I ^ ■ .»j 4 j . 'v ^LjsJ i ji^ui 1216 i aj - * ^ ^ a 4-^1 lii si ^ i^ .i » n < . ~ n (11 - 2) — ■ 

40 - 5 L^sLa^vj 3 * .~- -i ’ L 5 2885 4^ a . . ^ 1 ^ 4 * *(^ 

(Crust) 


t^_>J| (_j-&J .^Liyl 3j-^ 4 41 j 4 ->J 1 j 4-aLuaJI A I 4j_s-jL>4I 4 ?. ilaJI ijr £i 

LT^! 5|j-ft £jlj_jJ 1 , 3 ^ ft I n j 4 /^c£. ^j9 * 2,7 i (j ^J. l i 4 . t^j...ir. i^all l_3}LjlJ 1 jj-ft ^jlxll 

>( ^40 

»3^ujLu9 4_u Ij^ _i 4i 1 1 j 4-u 1 j a iK 1 1 4 “ I T , . ^ i ', . .. Ij) _i ^_i U~U'U (_£jJI JLo> jJ I J^' t - ' 41 ^Jb 'J ' " . .1 1 1 

jj-ujJ <(11 - 3 <J£Li<) 4 jjLS ^^_>.1j 4 jU_i ->- a 5^_Ja_a j-LA i (jl 4 iL) l J£L> 

1 ^ ■ — u_£"jv_l ‘ L i 1 %> (3^ (_)j ■ 1 1 ' 1 1 J; 41 ^ L*i ■ ■■ ^^g,4.ul A i i.uilL-) Lai ^ ~i - '- ft 4\ I *v. y^~ ‘ 1^ 41 4 

. I A 4 - U 4j_0- ^yA J JUkJLI J (j-ll J ft J*\ 1 1 
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< JjLj 0 ^ . t i ft 



^4 ^5 *( ^- u “ / 2,9) 4^Li<^ ^2£ij . {(^ 5 (^jJI^j.^-) <t l * ■ ■■ d 1 t-, i ->. 1 1 ?> j i " i ,3 1 i g 

* 

. 4_jIL!^Li LJLi t4jJL£.LS 



/ 2,7) ‘((^ ^0 - 30) ur6~^ ijjLSJl Zj. ^ .HI Lai 

t 

- *— ‘J-l 1^-: >J 4j i,~~i g L>- jj) no jjjQ LJ Lc. 4j^S2a ^ 


t i ii ^j i "r^ 8 848 i 1 i q c 1 a ij 1 (Q ‘ ^ L_i_>- 1 * ^ 1 3 ^ 1 ^ * ‘ ^ 1 ■* | ^ , . i .t n 

(J- 1 * a ^ J ** < t , I LjLj_^_a j»l 1 033 J j CjLUaLUt-tl ^ 

l S 0 ** lJ‘* * a -(*3 800 J i , -r — J l_g oLLlajJJ juf, a a (j»8400 ^llj -v. 5 ■ ., ' I il| 

(11-4 JSLlu) ^ 2450 ULu L^.~j.,,.a ^Kti ^^jVI , „ 



9 ^ t ^l 

7 

5 

3 

1 

-3 

-5 

-7 

-9 

-11 
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J.n.i 1 1 


4 

aJi^LiJIj J_yjl.ll I b^vLiJ i _5 t-S^LiJl {jr JS> 4Jl1 C V I Jys JJljZ. ^ya jj^jJ 

. 4jj>Lj La j _gy j--^--L I eJll^LiJlj 

— 3 — j-lJI tliljl C. Jyi Jj >5 L l ) y£a £-JjLj ^ L >i — >4^ «Jl jylaJj 

( _yS 4_>jy£ 4 ." t-i > I jjs i_^yyj9 ,eLLI jLJtJj I . Il i , n ^Ljj jyiljVlj _y t ... 5 jVI i 

j ' .3 ‘ uj ■ .i^VIj J- 1 .-i . .. j 1 ~< 1 1 a yya I a j l .T . ayjlyi e.i ! 1 j< 1 J ^ 1 .a ■ 1 3j~ 11 

JjIyJsJ! J-JJ 1^510 ^yJly*- 4?C U .JyijLlJl yJjV! J J j I n^J jylJ 1 JsLLaJ Jj5.y 

SLxjcJJ 4.LI.U. 1 J Li 4 .Hr. VI ^£>1 ya yij ■ LjJjuII Jlj -1_>- JlIc. ^ ’ 55" J i jaj y^a. jMJu^VI 4_oi 

Jj^SLu 4_jji^ .till jUtja JjyjySLJI .1 , III „„X1 ^ylij^ yjar ..i5Vl HjljLa ->j».lyij 4 j j a .^yajVI ( _yiil 

3jly>Jl tljLvjj 4_ii jijy 40 ^yJlyt. 4^ju-l^9 yj.a i ,iyly ...SI 4 .a 1„) . jLlajaV! J l-> ^~) j ^yUl 

• ^- ij La ^ It ' a \j , .(^ ' 1 O^ySl ‘ ” 55 y» 

‘ a 

ya ley>. 56 ^1 (J ) .~I~ j^" -y. 4yl4 3j ly>J I iHiLy^J J^3 j. J •- .... ayll 4 ^_lLj lt 3 

. Ov j i ^ I 4 3 iL> 

HiljLiJI ^jjGjj " 1 000 ij>- ^yjl Jb-aj yt>- >^ 4 . y yay_yJ ' Lr^ 2jly>Jl tliLwjj jllJj 

. ^JjIySI CjLyya y£L*j oLojlLd yuu- .4-1^ 

. 4_J j) .. ~ . ...I,.J CajL£ y!a ^yjj'Vl ^1-1 1 .1 ( _ylc. Jj_jwyl.l till 0-4LU i-j!>LiJl 

JlJw jj ^ 4jaJ_ij ^ la , n ^ 2450 ^J1 jj>- 4 ?...£..c. . Uj 7e_a 

iilLLJI *_jjaj^ jjjyatj ( _ 7 j3 La La tjj -3 . — ulLjj 
4 .il^ ^H ^a jjA. I 1 ~ j a ^ i r ya 3 3 Ljj>JI 

4j>4illl 

lj .4 _u>.jL>JI 3l^JLlla .4_LL>-1 jJI olyljl .4jilc.t 4 j^Lj /ys cJJjl^ 4 1 1 1 .~i 1 1 jjaSLij 

i ^ 4j3 14^ ^ ^ ^ * 4jj 12 4 1 1 i a 3^yL^ j^j La \ .1 1 1 ^a . iJyLuJlJ ! ^ L~l i ^..1 1 

. 4 1 1 14 1 1 /yj 4$ l a f * ■ 
^jjLaJJ dJjLiat 
uJi^LiJI jj aCH j ^ua — 1 
tj^LiJI (VL?r-au^ 4 /l jj_^J t-iij .5 — 2 
4_a2tul tl_a i ■<! y5jlj .^i_uy3Li all! j *-& 3jly_>Jl H)l_>.jJ j i * ~ > i. 5 — 3 

.jaLc 1 .i . (—S^LiJI 

I *- 4 »j£j 2 >j' - 4 

j.i.>>Lj»JI C...4yl I jjLaojVl ^yjjj 1 '■'> ^ ^ylc- 3l jtII 4_lu. L J Li ^ J a A I La — 5 

^4 3 J 1-4 I 0JJ!> ^yLl 

.^La Lae Ijjvl (Ji-uejj tL yiiljJ| ^yJjVl 1— tJ^yi ^a-taylLl y_I^O j — 6 
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j.acC ^LjJI ill 
tg^sui 


4 * t^ jV I 4j^5il 1 jl^ll 


aj . i 1 - ii 11 L-4 -lSJ I t—LoS^I LJ I 

* 

,%SJ , 4 a_j_±laJ I 34_4-^> 3 -^ _J 4Ji_ilj LgJoa I j. ■ -i ' ~- 87 ' j ■ ■-»! 1.- I I 0 ^>-3 (jLu^VI i — 4 J-*-£ 

t * 

2) jj jVo 9899 ,^yA 03^ 4a_iL4 J -‘-^ Lif ■ j j -". g . LjLLj Li - i t-a-JLa ,^-u-iJ 3j, *lu3-ll t _ 7 ^ L^.j 

.(12- 1 JjJLjw) 4-u4jj‘VI 3j._i2.ij I 


( 1 958 3y- ij - ^ a 0-“) ^ m-4>j2' 1 3j 4. 3 It Jjul-o Jr\-i3 ■ (12- 1 ) 


< S_U~OaJ1 



46.60 

Cff ^ 1 ^ I 

27.72 

a>%4.‘“' 

8,13 

(\*44' 

5.00 

JaJ-=k 

3.63 

2,83 

\ i nll£ 



2,59 


2,09 

.1 

0.44 

0.14 

n l*t t k 


99.17 

£>“41 


■ 4._ _ i_, i .i i> jVl 3 j — 1 2 . 1 1 1 ^_a 9894,76 3 ^jj3 2j - ' s 9846,60 ■ ■. ^Nl ^ ,~, i a 

o>-3-VI j-^aLL*JI Cjljj 4x.jj_^ i4_u=l^2La -~ C T I CjIj 4 ^_v>3 1 ■ \j 3 ~i 4 ~i j< u Ti j ,2 3U 2 

* 

• 4^3L3JI 3ja£^j4l L 

• cr^ ( 1 2 0 J j 4-^ (_4s 44 1 SjiiijJ I j-^y Ll*J I jjyXj (jy2J l j-^y Li « ! I 

jjJSJI . (980,05) ^^41 (980,08) J5 UJI . (980, 1 ) j_u.; i\\ t (980,12) ^3^.. .il l 

.(980,03) (980,04) 
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4i-il3j .SjjLj ^ q ^_^_jjIj3_JIj t_<uiijLll (Jil-wo L ^_3w"^l j__^LLjJI a L-jI 

J-iJl) \-& u i- i < J I jj * ( 1 2 - 1 ) j<l^J (Jj JL>JI Sj^jllt J-I^s\ it II 4 i I III 'Ll jl M l i 

• (ppm) jt ala JSJ 

4-ju^sjVl 2 jmloJJ ^jjLsil l_<_cS jIlI I 


SjLi£. ;j-sL*JLI i>J_£sj .(jjUua 4-1 f>j .*:.2U 4_tiuaJI j(jll (aiajoa Qj&u 

J-3 I j o j f> i—ijSjH L$Jj 4_»a_xLaJ! CjJ^J ‘ *JS ' - ~ * 4-jlL-i3 I^~I C. ( yc. 

(jl ^1 5j ^'. i ~ ia . 3_)_^a 4_jjLj_j^ i“it a ■ --» UgJ (jl La_£ *J_ajL r^a t-» \ (j-a-uo £j^_} J> J * ~J 

, , _ ( f * * 

CjLj^jI jl Cjljj ^_yO 4j^£Ld 4 i.uiL^La 4_iii43 ...->- 1 CjIj^JljJIj . 1 n U>*i / c. LAi-l-i 1 L*jJ 


4-^-jLj 4iaL_»_4 ^y-o-3 I J-I .(12-2 JSLi) jLajl ^ k"i a J ‘ ■- ■ ‘ - / i L 4 J 

( _ r Lfc.1j 1 .;, ' S\ )j 1—^J (j-u-jJ 4 1 \ in — 0 ^ * a (jjl mJu l A L-iSij3 Cjl j a LmJ La 4-jj ^ " 1 u ~ a 

.^L^-^Jl (_Ji^a (Amorphous) i ■" « j-±c- -st^-a 1 ^ a > »*i ^ i a 



jJiual » j ' 1 J . ■-! n Olj^j{ - fUleJ( £±4 SjjXJ (jiikl-LK > i jS^Uf (JJjj _■ i h fU*j ( 1 2 - 1 ) ^SLu 

ClLjjjl jj-4 


£y> 4_bL»_o CjIj^L <j1 ^jSLoj 1 4 i i ul_La jjijJl!l 4 ii t-i < < n 5 1-. j -> . 1 1 CjjL^ lit 

(Euhedral crystals) 4^-jVI iLol^ cjIj^L L J 1 a ' “ 1 ; C - 1 < .jl 4 4-> ^ ~ . i . 4 d_>- ^ Lj oL^jkJI 4 a 

.(12 - 2JS_i) 
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AlujjVI a j it. ~i 1 } 



i/jLfrV jjuJ .4^-jVl ajUliGtj^l. (12-2) JS-S 
CijjjL*. - j>- yjVj£-l 




i.llj 


tOjJtlla j_u 1 l ^.i>v.«-i j| tUjaL^ j_l£. (jl (jSLajij 


.(12-3 (J^-i) . (Subhedral crystals) <jw/^ 1 jt i^lj^L> 
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I ■* jjSU 4j_4lS j - l £ L^jtjjJj (jjbua (12-3) (Ji-i 

wS i^L>j^jjljS - j i uuGU - lj (CijIj-jLi - 1 
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^uuiU 4j^2kll jI^XI ^ __ 

(Anhedral crys- 4_^jVI 4 -cjjl^. olj>L l$-> 3 ^j_4 j 1 r L,jJS 4_%.j V! I jj Lo 1 

.(12 -4 JZJl) tals) 



-*■ 1 _ V ‘ L - J '^' - 1 •*>■_} VI jjLt4 (12 - 4) JSLi 
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- j JuiaII 

tjr lc t—SjjIl] I i ii i — j-±C. jl 3_ija.j>J 4 j>-jV 1 C^ilS e.\ytM — di^LjJI i^-v- 

4 In m Ijj I I jJ I 1 In .1 | ^_lwj *.. . 1 ~)“t- ,1 j ^ L ^ i j t a^ 3 i.ii 1 1 j_£jJ,! A ■ ■ ■ I ji ^ ^ j \ j t U d 11 ^ 

. 4-j ] j ml I 3 » .LV I 

jjJLlj (jjUIl j^a j_u£j • ~r L i » ^4^ J< (_p>jVt Ji-lj jj^ <<ail j^a jjLtll jjLlj 

. SjjLtlll 4^».jVI 4jjljJl CjLu CjIjjLJI diLLua jj_] I {yi j , (JoJLtvd {y 
Las' .tijljj LI? h~ > 1 1 j jjiill ljIL I J-H t_t_»Sj_lII ^Lc. JSLij 4^Ljj_ulJl oLL^nJt ^..iS «l 

(J^>o (j I jSLe - J . 4 _jliIj -ua (jSLJj J- * "j J-5 ^ jJl i JJljnJLI (jj Lj-a-tSLI I jjjSJLil 

(jjJ aLuJl L y 11 1 «_i (jLSLa 4jjL3j^a CjI j • A 3l~ n- a j^uaLlc. diljj 

JSLlJl i_$jLuu 4_jj»_ieij La IjLt . Cj IjjJLlU ( _ T d>jl_>J 1 (JSLDi j I oljjll C _- T -1_>- 1 jJ I ‘ ‘j"j~H j j j «~ 

.(Isomorphism) JSLL3 jt 

(jSJ j J J « ~~ jLi) ( _ T HJ 1 .3j_uLU 4 jjLjj j jll L^jLxj-o 4 a l~i >Jl I (3 jL»J,Ij CjIj^LU jl.3 tiJJjJ 

* 

. (^Ll^.iSJ 1 jjjSLJI yJCii l.« i j i jjjdw ^jLlaj 3 .' c - 1 ^ 
; ( _ 7 -& (jjLtJLlj CjIjjIJI LgJyLi- {y ^jLv~ jm i ^yuJI 4^LijxflJ1 diLojuall 

(di- 4_tsLLUIj * (Color) jjUlj . (Luster) ((Crystal form) ^jjlJl JSLLJ1 

(Cleavage Ji-iillj .(Hardness) Sj^L-allj .(Streak) .aphaneity) 

* 

L^j-uaL i. to ^alj_>JI {.a ,Jc.LLlltj . (Double refraction) jL...SiVlj .(Density) 

. (HC1) {-a 

(Crysal Form) </j>LJI JSLUl 

tilLufc JL>._qj 4jI £-A . JSLLJ1 4LaLS" CjIj_jL — d ■ ■ ..1 *1 1 jtj.li.~ll (Jljdiwl (jji ~~ {jjSjj jjf 

(JSLi jjL*_ta JLjvjj 4j1 ^11 .^jd^jl— >J1 (JSLiJIj ^yiLtjLM c_.j..?jJlll j ' L^J 4_allic_^a j jl. « ..<a 

(j 12-3 JSLu ji 12-2 JSLi) jjjIjSJl (JiLa .L^jljjL J SLL sy L*jjjl>u jSLajj . L^jljjL 

. Laj_lcj ( 1 1 2 - 3 (JSLi ) CrfjljjLJ lj 
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4 i l 3^ it* 5 U 4jj5L11 


(Luster) 

L^-t a < ii ’i ‘<3d>f UJ^ c£J j-ff -LlJ I * «■ 3 — ulaJJ (jJL*il (j c 4 _) . L** 

^-f-c. jt (metallic) Ljis L jl Lai 3j_t_L^?lj • < '-j-jI . y tj J L*_a 

* * * 

(ji ^SLajj tjjjjii ji l _i i>» a * Ljjfcj y\ i (jt tj& A j 1 3 1 1 jjj^_±Jlj . (non • metallic) Lyla 

» * * 

i (vitreous, glassy) Ll^L^J q£j> ji jLu LSjiis>UI . L:Gs jl LlL>L— 

# * 

.(greasy) Llso ji < (resinous) L^ic 4 (pearly) UJJ JJ * (Silky) L>j^. 

(Colour) j^Ul 

0 0 

(jrj-aJ I (j>l ji j i^L^l c^jLOLU (jjJ (Ji-a L3 jL> (jjL*JU { j^xj j^J 

t 

(_yic ^yjl j a j^vtl 4 _jlj£Jj < •■ ■ ^_ljlLo (^^_>.| (jjLjL/e jjjJJ 'jLJI (Jr Jj!ljyJI 

*.**,< t. 4 . * *, * 

jl l i o . jj I j I l^.a_ > - 1 j)\ 1_i.pb_lh 3 < i j I jjiJ Ju •’'J - 3,0 (j.JL« a‘d . 4 fllt-a- a i lj! j^_L 

» 

. (j J IxX l J 1 t d 3 I siK o Jl>-^jJ (j^JJ I J .-, *"...! ^ I jj . | 2 ~<—J I 

(Hardness) 3 j!>LaJ| 

(_yic (j jL_ m 3j J_i) ijr ii ilC J .(_jSiJLj>J| jl lLlLSJI 4— ajl 3 a ^ylc 5 jJ_ 3 (jr & 

3j^LuaJ1 o1 j <jjL»ilj 4(jjl_*JLl Jj-3 (j-a < _pi l 11 4 ■“ _ajl 3 a J jj^LlLI < _^SiJL->- 

(jLvIjJI « „. ,,,, . ^ L, i a 4^9}J_C 3 ^ 1,-1 1 I j. Jja^M 3j}Lx<aJI Cjl j (jjL*JLl (_ylcVl 

.(_ylcl Sj^L^aJI cil^ Lai£ IjlA (jt^ LaJSj Cjlj^hl 1 

* 

Ij LuLuLa oj- 2 Cy* cl^- 3 (Mohs) (JT jULi?l ^aJl_*JI 

jjy-II (Talc) c dl' i l l 4 ]_y_« 4 _jj j_a i4_3jj_j_a (jjL*_a Sj i^i C Sj^Llo (_ i i.n >. j 10 - 1 • u - c. 

0 

j_i_c o-iL-LLl 4 JL* oy j‘u Laic .(12 - 2 Jjj^.) (Diamound) ^-Ul 

jljjO 1 ( j J J L>- (jyll .l^jJ>Luo >■ < i ii v (_yic I (jJt (JjLujI £jji 4jjj-a jjjLxil ^JL* . 4 jjI, ,~ a 

iJ^Ltil 3j^L-o £-A L^3d>L-c3 djjLSi J^jJLLj <4_3 j^_»_>5 Sj^L-o ol j - Jl A t~, . ,,VI I *•,< 

. Lcjoxa!!! 
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U ^4di iii4 : 

(12- 2) 

(Diamond) 

(j«La — 1 0 

(Corundum) 

•■■ - 9 

(Topaz) 

jkv ~ 8 

(Quartz) 

- 2 

(Orthoclase) 

- 6 

jVji t 

Uy 5,5 

(Apatite) 

^ULl - 5 

(Flourite) 

... irijljjla — 4 


3,5 

(Calcite) 

ojLJI£ - 3 

j-ibVl 2,5 

(Gypsum) 

jui% — 2 

(Talc) 

at- 1 


j^L. c J irf'i < 1 1 1 


(Streak) <jijL>4l 

4 5 iUi 51 Fi < a d ♦ (jr^ 1 (jjjiil i-lLstJ Jjudl (jj-a - 1 >i <o (j_^J j-a 

(jjLtll J_j£U . (j.Li.11 (jja QJ_I i5 II ^U5ll (j^J ^Ul i— jJUtJ 5jlc. o_^J 

* 

CjI j (jjL»JLI j- ^ jj| 1 ^ K , 1 j jlr- l _i~i, . i_t»- ..£, l±!j_ 55 jl— ~ t. .41 5.3^1 isi 

* * t * 

I jj i (jjuLjo j i ia i 4 ~ l-i i u l^J In" . n i V < L>oLb jl 1 I 1— ijJt-a lLS^jj ^J-Ls^UI 

. J _a_L?c_a (jjL*J,l j j j4~i..l (jliJiiJll J La- » - ~ im I (jLa 

(Cleavage) 

^ .X > j 1 Ju&j 4jj_~ , a ^ l-> ml jG "i al J>5~< -a J< mi \ j— i-u5 C j Jj-t-a j-A 

(jj£i y j2a i_uj5jJLil I q g j ~“ (^pJl iS j).5ll j CjLj^jVI j ejljjJJ jj^L lt l LT 1>.1 jJI 

jJa cjIj j_Il qLmU-i a^2> j 1 1 . (12-5 (jsLjii) oLaL_>oVI <.~ y - ^2 4j^l_muLa 

7 

,J£Liijj j (jjL»J ,1 4j-i <oL>jl J&* lT* j' aL>ol ^ \ ,i » j >> j ^IVi 

Jt>.lj jL>ol (jjucJJ <qj£j j2ij dlLftLao^l aJJA _llju_al (J ^ic. 4jj(jILa dil^r t-i m t jj^JLa 

(j^SLi qS .(12-7 J< ,*:. ) tuL*L>ol 4jj -lm ji cjL*L>o1 4jljj 1 ji CjLaL»oI 4iyi!j jl (jLsL>»j1 ji 

* 

d Cj^jLoj - 1-_ A i4 -wjjJl 1 JL—i_'V djL^I — ssj'i/l aJJt 1 ^ . 11 N I 

< ii4i (jL^ lit 3 jlj_>. n 4_i li_kll eiiLqUoVl 

. ' . - * ~ » ' 

.(12 - 6 JSLiIi) L>.jJlLo (jt5" 111) 4_uJ>j . 1 1 .i I a (j 
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tIiLkl_>ol jIj j_jis jujv n j| ijij-i JJJjuitj 2 » I-i 5 ! ,ijjL*»JLS - t . _Lt_-v flwaJul till j jjLx* (12-6) jc .*. 

f I t SI ftj I l-jt- jl_J 4_1_> L>s_*l ^ I A « ! A A ■' ■' ‘ *w. — 1 ■ 
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I n I \ 



4 a ujL^L>oi ^L-fixijyt (12- 7) 

l2/t^U»Njl *ni)1 — wi . ISLiLd , JL^-lj ffUs->l ^y-3 1 1 — l 

J I r ^,rUlL>0 1 [ _ ;r 3 >1 ■ -*-N .i li— i . jl I . i-lju3 . i_L -d l » ~ -fl 

« S JLaIjlLx iZjLaL>s-)1 4j>Ij J 

. « ~i .4 i. g. iijLbL^Ji 4 jMj ft . .-> _a . c^VL* 
— j . Caj1j^_lj§ . i-~.il a i -w > 1 4_iu^l ^1. m rt )j — a *"-»>! 

♦ ^ . .> . lZjLa L> ol ii _ r *3 ^LuaAj] 


(Fracture) 

(j^SLj (jl La] j-luSJLIj . j.i. n!\ a <d ij^SJu 4jlb (jJud.1 Jjrt mi") lL 3LL4 (j£j I jl 

* J* 

(ji ji (Conchoidal) ^jL^-» 4jl (JLJLj 1 < »1 at 1 1 \ r*-. \ a (j^SLi (jl ^ ~ & j i 

. (Fibrous) J£2JI 
(Density) 43 liSJ I 

(jix Loa (jjUJLI ClijLjj Jl>.jjj (jJUtll S Jl>-J (jjj (jJb 

13.6. jjjjujJlj * 5 cjjI^jLjJIj < ^ . ..y pr_ 20 (^Ijjv L-ubjJI 4^1 j^ jLiuai . 

♦ ^ * i i j j ^ f. 

(Double refraction) 

(j-4 j t IVl ~y i- Li- Ju V I (jj_i (iJJjd . (jtx I * ■ » (_yJ I |4 xiulu jj^LlII (_J->- 1 J \- j < -'"■ 1 1 ^-4J La J lc. 

(|12 - 6 (JSL 1 S 1 ) CjjLjjJISJI SjjJb (JlLa lHiIjjJLJI 

j lj.-w.tl x_# JxLLUl 

J r 1 .'t~~ j LJ.I i_iljjji£jj -U ^ 11 (__^xaL>. £a 5 J_uij CjjLtuJlSJI (JlLa (jjL*JLI (jJ^ « j (_(x. 1 a*i~ 

j 

V (_£j_>-l (jjL*_a . (j_g-?e-4.u-a (JSLJu (_yLc. (jj^ La Jul£. i l~> )l ^ 4_t„a CU-lLa jJLS lO_ 3»1 (jjLjL-a 
■ ( j-XaL>JI IjLgJ Lu3J><tL (jjUIl i jjSLcJ I jj . 4jua (Jc LfljJ 

(JjIj-ui (_y^j aDI (jLjjJI <i_i1jL^j (■ Lj-JoTi-i.u’2 I j lL, ;;^~il jji_a (_^_LI ciil .i i.^ 

.(jisjLxIi Laxj 4 h ->J. I (j^Ldl j. _u .a i (j^ic. Jl£.Lu3 

ijiLsdt i > i * > 

: a frl Calx. _^a •> a ( _ ;r jl _ ia j t C )l ( ,i_i < ^IlH l-i-^u. 'v . (jjL»JL! ^naj 
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Au <_^jJlj .(cj 12-4 JSL^) , Cu ^UJJI Ji* « (Native elements) luX j^Lc, - 1 

.^Ulj (JSLi (jr ic. Ag 4 

.(-^-12- 3,J£Lii) .Fe-, 03 c^jLjLm^JIj (Fe 3 0 4 ) c^jI~j i-vU.1 i (Oxides) . t j . — 2 

Mg (0H) 2 c^L^AIj Al (OH)-, cLa L^jl.->J 1 Jla (Hydroxides) c Au - 3 

Fe-, 0 3 . nH-,0 (Limonite) 

Cu ZnS (Sphalerite) ojIj. j U - v., J lj FeS-, (Pyrite)<^lju^j_j£JI - 4 

(_> 12-4 JSLi) FeS 2 (Chalocopyrite) 

12-6 J£Li) Ca-, S0 4 - 2H 9 0 (Gypsum) 0 .,ij.->tl (Sulphates) oLiij-iSLJ I- 5 
.BaS0 4 (Barite) * CaS0 4 (Anhydrite) ^IjjuL$AsM.$ . (t_j 


(M2 - 6 J£L.i) CaC0 3 (Calcite) cM coJKJI Ji « (Carbonates) cjO^j^SJI - 6 

.FeC0 3 (Siderite) .-.jiji t CaMg(C0 3 )-, (Dolomite) cioUyjjJlj 

.(Apatite) irobj^t Jiu (Phosphates) oLL^^Alt - 7 

Ca 5 (P04) 3 . (F,CI,0H) 

(12-8 JS-i) (NaCl) (Halite) c^UJI r l (Halides) - 8 

.KC1 (Sylvite) 


^Jl 4 (12 - 8) jiLi 

duLS 4lij ^juzc fLxLJ 1 

dt-lll C^JbLur {_ r l£ 

* 

. 4 j ^xLa JI IjLIIjI : (Silicates) diKjhmH — 9 



i^jJI (Tetrahedron) (Si0 4 ) A ,JI 

.(12 - 9 (_) £.A ) i/L Ji .i d l Clilji ^jjLj <IaLrcjs 1 1 3jj 4ji3 03 ^ 



=^ y jK i l i ,..tl4^.jV| ^1^(12 - 9) JSLi 

Sjoj »((*-* — >Jl 3 j *m <1 iljlji £ij\ \ 

i -n > J 1 Sjq . 1 

*ij> -* IM ^ vi Cjij j y$ \ jj> 
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4^-jVl dy ^ (Nesosilicates) 3! 4 1 a * a oLSLJ-i — lm 1 -9 

MgFe (y-id^VI ,j_L-»_ja (Jj_« <(j^*>*- 4 l l.^.iJ-i 1 1 4 l"i j-±jC.j 4 1 i^-i 4_ i." K ilj , ,.U 

.Si 0 4 (Olivine) 

4-yaVI cj\ j , c Lj i (Sorosilicates) oi 5 jlj m j jj-m ji 4_j-34y_/a olSLJ-y^ 2-9 

.Ca 2 MgSi<, 0 7 Melilite) cyVLtLil Jia 4yKdj,.,JI 

jl 4 _*_ijt 4 4 j^<Lj 4 _i^ ij * (Cyclosilicates) djKili ..43Kjl.44.lt ji 4 dlU djlCjU 4.. 3-9 
(Beryl) Be 3 (JjyyJI (J 4 « j 5 £ _ y k 4_4jj_a 4yK.il -u^Jl 4^.3 VI ol_xc.L)j (j^a 4^« 

.( 12-10 JSLij 12 - 2 J<Ci) Al 2 Si 6 0 |g 

4_jJj 03^3 . (Inosilicates) 4_-. K_.ij .,3 ^1 j| (Chain .Silimte)a _j [ t,„ .-. KyL_^ 4-9 

(jl <jr&^ 4 4 _<yi L ^a J-.j.yL.j. (JSL 4 Jjlr. 4 _uya 4 yKjlj.nH 4 j>>jVI tl)Lj£.Ljj 

(Pyroxene) Jia (Single chain silicates) iyUl - 1 

Ca (Mg, Fe) (Si^L^VI Ji* Ca, Mg, Fe ^>^4 < 2-1 jj l<fl dll^K til i u A 

0 6 ) (Augte) 

< (Amphibole) JyjkaVI Jla (Double Chain Silicates) 4 j>.jj>s - y 

^Jl — Uiii-ujl LyyjKjJj (y 9 (jj • “ ‘\j3jL4i jyC. 4 Ml -y~i S.l .1 « d djKjlj 44 1 dUjK Ct -*9 
4^3 4 j .i a VI 4 ^. 3 _ 4 ^_->J. 4 _*jLiJI (jjL*JU (jyj •frLLI (_yk L^jl jJL . - *- 1 (j£j 

Ca 2 (Mg, Fe) 5 [(OH) / Si 4 0 ( t ] 2 (Hornblende) 

^3^j d^p. (Phyllosilicates) 4--. Ky.3 i /a. ji (Sheet silicates) , 4ytSLL^> oKiL,., 5-9 
41 jJl .(12 - 2 (JSLd) jtJiLiLi-a (JSUu (_jJk 4_U3 _o 4 -yK-jlj 1 .ill 43.3 V I o\_lC.Ljj 4 y 3 
.4njUll 0JUII3 (Mica) ISLiLJLI 3 Mg 3 (OH) 2 (Si 4 O ]0 ) (Talc) 

4-uKjb ...11 43.3‘VI djly^Lp (Tectosilicates) djlSkL yyyiSo 3 1 4 — iKLu& ■ - 1 1 *C j lj . .. 6-9 
4jlj j (Tetrahedron) (_yKjlj . u 43.3 1 ^y^Lj 4_y dJjLyj .jLuVI {_yMj (_,- Kj 4> yyy 

jya 4j 4U.4T-J.I (Tetrahedrons) 5 jsK 4!. ,.,11 4^3‘VI oLa: Wj ^jjVI (3jje.-441.53Vl 
•.(Feldspars) Si 0 2 (Quartz) Jita cjL^»J 1 
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4 j l 5j in >i IT 1 , 

uJl ( 12 - 10 JSL 1 ) 43K^,„JI (jjLJI ■ j. A 4 4 d i ) I \ I # . . T | V I * ** 1 1 id Lj J t - 1 ^ 1 t— 


:4_JLl]l CjLc.^^u>JLI 



• uj Kjlj . .. I ! 4j».jVl IjLilil <JK_.lj...T1 ,j jUII ( 1 2 - 1 0) jSLi 


KAlSi 3 0 8 (Orthoclase) u ^i£$! 3 jj] - 

NaAl Si 3 0 8 (Albite) c^LJl - 

CaAI 2 Si 2 Og (Anorthite) oj15 - 
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- j t ri C Ati 

20 jjjuco 100 j_ r II_5Jw IjLiojI i Lj.i « a 2000 jujl>o ^uj 

SjjSLU (jjLiJLI a s Oj 4« rt H j^SK—ua f\A (%95) 1 ' a I Vl » a 

IjLlitl (jjLtil _^iSi (j-* (3-2 jj -- . --~ n 


. 4 -i.i o jVI a j l urtl l j_ J Ja J jjr iplj Sj^SUI (jjUJLl j«uil £jj^j ( 1 2 ” 3) Jj-l->- 


%39 

(jnjKjua.^UJI 

- 1 

%12 

(juuKjijjVI 

-2 

%12 

3 — 

-3 

%11 


-4 

%5 ^ 

1 SuUI 

-5 

%5 

Jj ..^1 

-6 

%4,6 

<til.Vl.lr> jjjljLjO 

-7 

%3 (jJlja. 

6 — 

-8 

%3 ^Jlja. 

Li_>_uSl) 45>a.! jjjlj-a 
oul . ..ILSLll 1 jl i ill'll 
(u“.‘> 'lj CwLa^jOJIj 

-9 


2UoMiJI 

_^_lS| 1 (g t io i .~> 1 i f- 4 jjLoj < 4 n^jVl i3_^ iii nil (2)jl ‘~ <9 (_jSLJaj ^-usLulII j m"uj 

J, iJtSLllj JUJ_>J1j 1 '*11 J jr^> <.u.S^Vl ^j-4) .5^ /» rtll jjji %98 

- 1JAI ..j~ » 1 )j 
* 

(j o ^jjuj »iS i .5 JL^e-a j a l_j_j£jJ L^J jj-iLtJU 0jUb_j i(jjL*_a LJLc. muiII 

. 3j ja a 4_u Li )_lS CjLLt^a l^jJ jjl LaS^ i J^JL^cjs jjjLLu 

(^gjj) 1 1 i I j_jSLiu.ll j_ jxa t q r. 1 jjjxj ^.xLauuuij 4_uL> *>x5 i“ 1 1 a < ^ £j si • a 1 1 

.j*Jl i_3ljSLll_j (j5iu~llj Sj^LuaJlj j_yi(JL>LUj 4-t^l^ lull J 

oLj_jjj£J lj di IS.iJ _i i . 1 1LS j 0 J <11 L<j_j_iSjj t _ < i ii ->- obl j a— SjLC. t _ 3 _l 1 (jjLtJ.1 <~i n i ii ^ 

. jijl cjL1jj_l£LJ I J 
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A nrt jVI 5^ iti .~il] jl^ll 

* * 

idA Cjlj ... Jl IjlAlil La^j^Ij . Ijl^. l ■ ~ o j i ol i« H jL o . ' i > L£ (j^L*J,l jl i *i i i i l 

L.. i i. n .- > . Cjl ^ jij , i, | | jft.m ii'lj i 1 ^ _1 q (Si0 4 )' 4 (J jl^ 4 lj..i.iiII ty j jjj (jSc. 

* 

» J LiliJ , 1 1 1 1 IjLilil La ^£1 . CjLc.J)A.' 3:-0 (_-Jt I £ ' 

tLiLiilillj d-u^- ' i Sj J I .i . ^11 4ali.ljJI ^1 j^jJLlII (Jj-o-aJI (_paj t ~ 1 1 » j 

* 

SjjjJlj 4 jj>-jL>J| ^jJal] IjLv jjuausz-a jJSLiitj tjr&j «~ i ‘ »< Lo^ . j»Lc. ,JSLiiiJ 

• 4jjUI 


^v-JjUjj A U m l 

J ■ i ^ Laj 1 i ii i l l Lie 4,4 U.o ■>. ^fTjl ^^ujLscJLo 3j_*i_aJI j — 1 ‘ « 1 1 jL_iii_ul (Ja - 1 

4 C^u^J I 

4 o-jV I CjjlfT •> - ^jJLjJI (jyic. i — i ii > i a.j 5 > .Sj^JuJlj (jjjJLI — 2 

. 5 j-aa 

JL>-_^J ^jjLi-L (jya Ijll Lo — 3 


Saj^LxaJI j_ 7 -a Loj ^jLkJtl Lo — 4 
f^c. Lj Lo — 5 

* 

ul o jj ^ 1 ^ 33 ‘^pl^LL-coJI (jjUit ^o-aI 1^1 i‘ii~i it (jjLUl ^i*£i Lo — 6 

. I^.ia <Lv_jV! 
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^jVI 

jjjujC, luJUUt 

I ^uSLju* Lu .a 

4 4i 1 <Ht 

* * t 

i4_L>sjLi> _g 4 _lL>.) J 1_^_4_juuj b <d -» L . .1 J-jJ-j l.jfC _i -<3 Li-J-i 1— J I J-*J 

J J u~i il l j i f . Cil Uj -kJLIj CjIjLaJI J< uij £JZ j—& j~lJu J_3J J 4lSLig 4_j_j-£p jjja tjl v ‘- b 
.j-a l nuja ^ Jlj Vg .(jVt <ak- _gJ> La (jjJl d-^J cr^ 

4_JL> I jJI i£^dJI 

Jjju ^aJj ^-i j >^~> LpIS” (_paj^i c*jLS jl 5.3 d^-b 41 jL& <bjd-3> 42 sLj <-£JLa cJ I j ^ 

* * 

4 y j - ~ u jd_ o* m b (j _g£~J 4 -jL>. I J_I| 4jjl^_>Jl 4-SLLJI (j-a I j j (jl l—a *C . J L jlj 1 g l £ 

0 

• AilLbJt aJ-A tj-a O^ 1 £^1 Cr^ ljJ-5 ^ 4_ul j aj5> Cj^Lc.Uu i < « l~) J^_g jLLa-iuVl 

^Lo- i4 j .u3_)Vl 3j_Ju_aJl <■ -i.i_i.ii~ 4 jl-> .l jJI 4jjl_g_>JI 4_alLJ I 

.(Jj^^JI ibj _L>- C _ J.LI.Uj_g _^JJ 

4-cJgj£.~ll jtjLluaJI Aj^h] 

(ConveC-dJLaU. CjIjLu (_£j jJI jLLa_£u^l 5 -■- j" ijJL* c j.hi-v. ^Li^gJI (_y^ 

<^1*. LjL>. uiJ^sJu ^ 3 ^A2Jb ^aLiAj Ly i>. j^k-t tion Currents) 

.(13 - 1 (JSLuii) ijjljj. Lj^LL <tj_gSLa d<Lul (_jJJ >l“i J j-jj 

^ ljL4.il 

OswiHA labyrinth 


Stfmhninnu* tahyrUh 
J* U ' „* 

5i'«»<7rrn/tir ta;wAi 
•J'A*! — 1 


J>'- 

i - » .u 


i\ C r /r/t7r i» J 

\\ 



• ^o_i 4 j.i njV I 3j i <i <i JL 1 ,j a 1 iL.^ilj dial -«.T 1 i"»l^l i~t | (13“ 1 ) 


L^a. 


Iaj>oj 3j_gj>._gil S^jitall Ldl ^JLaLuJl CjIjLjUJI 4£^j>- ‘ ■ ' • ..~_g 
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* 

4. jtr » ja- A I ^ <1 1 1 ~l i~il t-> i tl ^ j^.-w ^2 0JuAj9J 5 t ,->" j fl ^LjLoo 4j^£La LorjjjJ 

oj-ii jjJ] SJsLja’i/Lj 4_i_pL>JI CjljLpJI <(13 - 1 JSLi) (Midoceanic ridge) 

* * t 

4-Lc 4 jt~ij . - c. fl < txuijJl J^x>v!l jjylc.! LrS Lclj_$jl 4jj£La LuLv. L^jI^^.1 lLLjj^o 4_lj jL>-J I 

■ , * * 

4_>- l ...i ,a (jl Lcj . 4 j t a. j _ -c.fl 4_^_ ui_ua Locjj JLj LjjSLa 4 _j_uLv t _ ;r J_C. i. <1 n-i "jj ij-Lg-i^aJl 

cy 3 •>=*■' 6^° t^ 3 4 _J=l Sj-iiS tLdjusd (jlSLa ^3 4 . U i - >■ a 4 Oi?^ j_)jLiLi I jJ i4jjLj 

, tllLuii £-LL^J I Ji-I J 4 jt-i i.-c.fl 4 j t^j -»■ I, | JU jL>-VI 

1^-jLL-a (jJI i_3^L»Jl jujmiij CjJ) 4laL>Jl tliljLuil 4 _lL*-IjJI 

S j_ulx< 3 ^cjLiLuaJ 4_u j >_»Jt 4_a:_i3 i.->iL£ 4 ta.mjJlM ^jLLuaJI JJLC-j iQj jj*C £cjLLu» 

.(13 - 2 (JSLiu) a ! ij < ii — 



4 ; U.^ » . 1 *— 

, 4 ■’’I I II J^lA J Oj i & ^uui <4^ ^J] (13 - 2) 

«( 13 ~ 3 (JS-tiu) i.i j) ij “ wiVI (j-a 43 jJ 4 .3 ito (3j^ jejLfljuaJI t-Jj, t-Ti 

IjJ ,3jjL>J.l ^31 3 i^-ill LiijjJ_>. jI j" at ljIc. j-jJj 3wL>.1_5 3 >.j_£ 4-j y j 3 ■ .-> 

JLljjJIj CjLiiaJlj £jjJ_uai! 4jgS.ll iJ1)IS^_>JIj 4_iJ(jJ^Jlj 4_uL^j_iJlj 4_uLa_>J,l lIjUsI ui ill 

: Jj J-jJl jj-o 4 jMj ^-iaj .^jLlusJI _ll JlLsI 

■ UjijCLat : ( Divergent boundary )^lLi-sJ1 jLl1i\ -1 

.(13 - 2 jJSLtu) i— iJ i 84 ealt-i j ->.11 ^j a -* ■ 3 j 2 Lc . 1 1 4 jt-»j - c-a 

* 

5j_iL_3ll (ji (^1 iLijLiji 1 fl ^ 4 j Uj^r-4 ^31 h. ,I^ > Jj— 1^>J1 aJ-* jljJL-cl (^LZ. (j j> 

. Lijl jLcI ^.lg. jlj. fl~i I uLj J JLpcjj 4 jt-»J->. II 
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I 4 — aSj— *U uJ 


^ ^LLuaJI 3- : (Convergent boundary)^! <i .^->11 ujIj-^I -2 

; I A . s\\ 1 3 J. ' /] a jjt I j) U>j i > ^ l^j d i jj^~ ^ *— « ■ 1 1 L^-iJaj-) 

Ijui 4 ^.l-tU « 4 jjI_3 4. Sr j rt i n (Oceanic trench) 5 jUi,.-*^ .i >r> <_jI jJJal -I 

(JSlj jJ-Sj I (_yJ_jVI i4jjl_dJI 4 -» i-a-uaJI 0 ->j 4_ikj_>vX! 4_a- id <.^il daj) <j& I 

^jLjj l~l_ l > .d Jajjk. 1 - y j/> ixi t l JJ J_j>. diLld jljjLdl (^ic. (j 4jjlill jj-4 4^Lc_i_j 

4_? r j . A j ^I I jljJLa! (JT ic. j ^ r r- / --. 1 1 jjLjj Lq^T .i~i l iL> JLo. 4 j j*C a CjI d daJl djIjLlal ( _ T ic 
Ld-d ((3-d-*-II jLjjjlj LiJK*i J >> l ^l 4 yj’i'l daj 3jl^_>Jl CjLvjJ jLpjLl «cLijL^JI 

t * * 

dJL^J Luj-dk. IjL^-uXll lijJLdeJ ^dJi LuscJjjG L^Jj-Scj^ jj t .^11 Cj 1 A.i <_y3 jlj <i *i i » Ll 

^^lc. dJjLdJI 3 311 L^-«.d.- > o j ,(3j.3 i"i)l j — i ^ m 11 Jjjuj-oj t^JduL^JI r...un.ll 

>« 

<_y4s 4 _ijI£j_i LJ^iai 2j^£La (JSLi cr^ J* iSj.j, j»L^>-l (JSLli 

j^-uaju ! j lj.<a *i i n I £_a . 4-La 4_jj^iJj Jj JL>-^U 4jj I j-a 4 jj LaJ I Sj-didJ I jj-a dJLLxLa 


.(13 - 3 (JSLii) UdL«j <4_La_>L^J 1 4 rr j 3 « ^ J I 



. 4jjI^ jaifi a -» . - . .-i d j. a (13 " 3 ) (J5L.li 


Cx>d i a Jt l t . < j i.u lwL& . 4_daj_as_/a jj-a 4 ^ 4 - y . .A . ^ 11 K ~ d I — . i 

dJdul^Jl 4- a-jA < ^ll jl 'j <<^* 1 {<Cj *1 (_y3 LdS^ ^ Uj-y.d JjJlj-l 
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j uj UJ I J A 3 1 




£-a t J_a j A - V 1 j 1 ' ~i a I j^lc. d AljJl d..^-i„A <A1 4 _ljA^j 4j^_j^-J>- 1 

* 

.(13-4 [J'C <."<) L« Uj j j ' ^ '~ I (Ji. 1 j I 

ifj±y? ltj* 



CjLL JLlTv- l^aljJaj-al t- i 1 i .ij Ijui . djjLS djjLb 4jr.jiL.o i_iljial ~ _>- 

*_a d_L£^_*J1 d r r J ,i i .-1 1 1 j»|jlLiao 1 jljfi dl ^ If- >~v. LA < 1 1-> . .-»V 1 d 3 Ln i d jl J^Lal ^ !r. 

d-?r. id. <^ll * I t 1 -m ^ 1 jl JlLoI itJLrw LAj jJLuv. d_j^£La d_A^!l!1 4dUdJ^ Jl 

. LVU^l (JLu>. Oj_^Su At-o» d-^Ajj^l d-aALuai I j_a dJljJL-u1j_LlgJ I 

Vj oi^ 3 V Li& : ( Transform Faults) Jj^-stA I ^j.i. jloj-al ^yLc. SjuLs^a -3 

i jLjujI JjJUwj (j-u (_yjJl JjjdeAl £jJU*s jIjILa! (_yic. jALa^ (jr a-LA 

j»Ijl^jVI jljLLal Lyic. A-l.~>- LA . t . J I l^io ti c-ljLcj jALn-aJI (jJjJj (3f 

4jIju j-ao^Vl j ~r ill (j^-> jJl «_>ULll — j^a-iJI — (^jlj — 4 A «J1 

JjJLs- ^rA_)_j ( jLlIjI J_jJU>.) d_^j_iL-aiJI {jC. 4-ij^-*JI dxAzJI 4A .1 «~ j~) JL-pt-a 

lilj-a: **»" ^ 1 t^JI Ij A jljCLal ^ La - d 1 ‘Cj ~ 1 1 4 -r»._i- j ,^\\ ^j_a d jjj. « 11 d j ii i<Al i— iL. ~ a I 

- f t * < • — jj+ la - alii d^-uAaJ d , . .,’tl i JLaAJI djj^jjJI d>j.i,.^ll 

^U^UI JolAlJtj urjSj^AI 

£_a CjL>-j J jl .sjj LdJjJ ((j^l <_yA>. I j t fi i .I VJ ^i-3j OjLS^ 

0 

^jJljJI 4_i_a-«jij La Ijl& ij»Lc. jJSLAu Loj^_3j 30 (J£ S.l. r vtj dd j < a 4_>.jj t JI 
^ Ja>. aJLi j-LAi^J! ^ 4jjI oLkjjJI (jji >_dJ jJ .Ja*J 1 j_a (Thermal gradient) 

0 

! j .. il ^LA^JI (JAL Sj1j_j>J 1 • l-J^* 5^ j j*C 1 1 A_^jLiAJI <_< i i u) 4j^1 <^il l <lLlo 

* 

■ j_Li ■•~j dXaL. CjIjLu ■ 1 1 - ■■ ) La-a » Jl3H*j LA jLLAjVI d •> j" i iLuijLklo 
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jl. 1 ~ a I (jr lc. 1 ^ -> .111 £ j j_>. j «J I p jl la 1 4_u jjKrJ I l^iJI 4j^Joj 

* t * 

jl jHol 1j A £ ~ Ij. _iK LuU^ LIoLio i il l i a ^j) L^ 4 4j_L_pJl ! w2LLdJt 4 j_jSL 4 1 L_i re^a ilau-u^JI 
(jjdS (Ji-lj-Hjj i j j '-->'1 - d t-i i l.^ ll .'■' , ^ H j j i ^ i~ <±a.l--w ^ULi-i^aJI <— iljJLfll 

, 4 t < 

J I »CaoJ_jjLj (13-5 jJSLL) 4 _liLlj- 4 pL^j*. 1 CjI j 4_jjLu>-La LaL^n^w I Ijj^SLi 7>j 2u 2j| 

jJSLiIi L^J lA^- I ^ 6 ' tCjLiJaJl ijyi ^Liull (jA 


f * l <1 I n 1 


•cJ^" jl 4j_2i(jj l^n mi'( 4_L iL pi i n ~v.K pi ,ii LaJl La-^LLI (Ji^JU -Ua . CUu 

ti i. nj (JjLj jt <~i i i^il n’t (jj) d i~i U>.U1 J * < tVi ijl (j£LaJJ 

jl i l i ~ i l l LV J <C . t , ^ If i_j 1.4,11, jj l-i lull ^yj] j j j ' --* ]1 ^J.x.'vi 1 oJuLCrj - ^ ^ ^ lj~ V 

L a 15 4_jjI 4^>»jJ_) (JLLIj IjLi . <LliLjJ CjIjLtl-ajI (JSLi £_>Lej _jl £rKlj_ jJI djLfc^js 

f 

Kjlj i n! I 4_i L * I 1 - 1 ^ij i ^ 'v ^_j 1 i a 1 1 d i ,<j f ' j . ^ i^ | 4_i 1 i f ■■ i i 4rwj J i — i i L£ j i ^ | i — ■ 1 1^ 

^ . ‘-‘■‘■Li (_ j 1 » i j (_iU i(J5l 4 j1_i i.i.lj 1 j 4" -> • a ‘> J 4 j*.jJ lIijIK 1 j_Kl lIijK LoK i (SiO'j) 

LMJI 2JL>- 4ji^JS»J 4jL-U-u-ll 4j>-jJ l1<jL lIjL^ UK 1 4 J 4 CjljUJl 

4j^J Li^UI 4jljjlL i. l . l Ai.4i>. j i.O-i. 4ul^J (JU>. i~< 1 Aj n II J jjw 4_ul^^j (JjLii^b £ys 

: iy 3 

* 

cjKIj-JI uU* .4 jjU oLLl^-LI <j_a LJLc '• ( Shield volcanoes) 4^njj lKI jj -I 

o 

j 3-^- cjrKIjK ( 15 (_yjj CjL^jJ 4ti>»ij jljLfcjVI 4-Lil^ 

* 

jj-IIKjj pLUs> LJLi. UjIj^UI : ( Cinder vnlrnnne.Udjj >;,,. ^1 ^ -2 

• 4^jJj^l 1 4.4 ) LjvJ i " I L] -*■ n il d » I*n 


iSjL^Jl c^LUUiVl cjLljLis 4d*_Ui uj^j : ( Strato - volcanoes)4UpLLa uKI^j -3 

pLLrJI <jA L5U1 (jja ijLuLu U-a .cjIjLc-ojVI j 

ijA £ ~ < ~ j ' n i «i <"i» *^3^^ l- 1 -* ct^ (jL ^ - L u jji j 1 1 ill t-i J 

.(13 - 6 jJ fC .i T >;) l , r ,i > -jJ.l I ‘ dKjl 
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I ^ i I-. VO* 1 1 <^3 t tl^i.^iVi , <LpJj L j Cj\-j\ j i u itj |»LLi->- {jA iZjLuLiJ (13 - 6) 
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^ IJJJJ I djUOJ Ij JjV>] I 

(_J-A (JjVjJI -Jj^l lijJJLs. dalLl jJI JL>J jfl cr^- i X I jJ i CjI j-JjJJ.1 

* 

A^LLaJI aJJh .jj} -r ir>!l 3Jj|jJe-« Cj-iLi> d^LLaJ £_j^_i_u jj->3 {j£. LJLc. 4 j>v)L d_uIojI 
CjI_)_a jl jCLol (_yic £j^»JI ^ 3^2j 'J J3 ~"* ^ I jLijiSLiI -Lie. 1^1 ml 

. CjLaLssjVI ^i4. > - (_yS 

» 

UJ^ ^ JL» , 4 A i LJLc. Lfl l£ I JjVj Jlj Jlso d_jjjJI_j 4 jjL^_JI i ~'L1 a--^i iVl 

. £jjuu3 l±JJJL>. 4JJCJJJ 

3 ^_iliL_o a U3 il(g 4 3 jJ_JI (jVjjVI j] jLuiSJVi 1 a. 'I r. uJjj a Unill 

• (_yJT.Lt I » ! I jisjil 

‘. Lua-C. (jr ic. jjjJL-JI 3^-3j jjJ_ Lo.JlIc. Jj J^rtj Lu J_i-lj La 4 j i Au (j^Lu 

* 

Jj£. Lil—SjjJa j " £ _ i a i j-mS Lj Jlj*JI (_y3->- Li^cjjJu { _ 7 Jbe_lj_j ^dJfllLiJI L ^ -i 3 (jj ->-_~l~ 

* 

- d J~ J I .-^ Lfc-lj^il 4 L uj. ^ 

4U-HJJJJI j:l>aV( 

: 4_JljJjJI jJjjI jl>- j-i 

4-^luaJI .(Primary “P” waves) «]» a_Jjt £-lj_ai -I 

tj d~ I > ^ - Irw . J l £-jJej LajJuC.j <dllla_L>Jll ijL_a_j Lc^-ULS (Jjl^uaJl Jj 2 *' IK 

. ^ x-i-uj (j* c^is c^ 3 

1 ^41 1 d_£. ^-l-u ^-1^-0 bi 1 1 I (_j-& - L^J 1 3 "ill <>L>uL LjJjj ju j / d I~ij . 1 1 ^-1 d 1 ,*!." L^jl 

. d_Jja i iTij < <i lJJ jJ i Vj t _LuajJ l o ILi-c 

VJ . 4,uua3 . £l>*i <4 jJj^1 j-Ij^LS L^ll .(Secondary “S” waves) «Ja» dj^L ^-l^i -2 
W J ] • (_!•* [ j ‘ u ^ _^_iICLu n L 3. 4 d_xLuaJI ^L-.I > . ^ I lLUjJ i^ya£ 1 j 1 1 

CjLLvs^a oL>ol ^Jj-a£. Lij(yLi>l dL>ol_j id-Jj^l ^Ij^sVl (j^a ic.j_u 

* 

• djjjtj ( ~ I j <1 m I^JJ jJ I d j ^.^‘ijJ I JUlj LliLj JLuSjJI 

4_»ij^l ^wj] i^s j-u£ jjjCj L^J LiJJjJ i Ljj£j^v oL>ol lJT ic. Ljjjvc. ^iLj_>J < ,...r< 

• (,£_)“>■ ^ I 1 Ml I 1 l_J 

^Lu^i f\ji i-jj-ZJL j r„~ >~ uiUjL^ u a , »") . (Surface waves) o^n a ^L... j-lj^al -3 
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* 

Lu3J p ^a j >. iL^J . tUJjVI 4 _C.j_uj (jjl Jj9l j»Lc. JSLiTuJ 1 ... 

t * 

^_JjG l(_p3jV( ^T l"l l II I LgJlZul sLj>ol j^yic. LlJj)<lf. LfcjljJl&l (j_jSL I 

*L Sj-i*^ 

jjVJJJ Ij I ^ LV > ) V I 

_ * 

<(Jj^jJI i^yz <— ijV^l Cj I ‘x-a L j i , n ^JL*Jl (jja 3j_iiiJLUU (JjV^JI A—uOj CjUojc— q (J_5=_j^iJ 

• L^jL^JI J t~ij - hJLI (J_5^- j»1 j->- (JjX>^^ OjJb (jl J-iU - d jj » ,U 1^ ql^» a 

(JLjJv ,2y4 ' ^ ■ -ij " M (_jiaajVI j_^_jJLi 4 V-n -k-II 4jj J_>jl (JLx>Jt J ‘ r J "i a a j»>-T ‘ * ^ * A J 

jyl JlLoJ. 1 ^IjL^J^t jl jCLfll (jjlc. LJIjJj UaLJuJ LiJl_L£> jj I Lai> . (Jlj-^- (J^>“ 

4_i. fl .. « .]| J j-wj j-a-d fr -Vl ^StLjJI j- j-C. jJLC. Li_3j^_at 

jl J-j-^lj id -!■ a il Jj~i i ,>J 1 J I -I. ", A I l-tal i2uJ JL>.^J^ . Ll ) 1} i n (Jl a i~i •> - (j J J V I 

• 4 jt-ij-sl I Jj-o-J I (j-U (jJ 1^5 


^-jl 3 uftJI J_j_l_>. jIjlj_>sI 1j (JjVjJI (j-a JJl-C. j— j-£l jJ-j (jl ^ i i ii Lq>» itevrv^Li 

l j 'X Ij £c-jl_ii_uaJ1 (JjVj 1 a *C t i_jI_ < j-IL3 I VI JJJL>. Ljusj ii-i •>- i4_jjqj£GJI 

* a_l *> i !^s j ^liifl 

7T-Ir^.j-tj {jji i_J^_2JL) lid J L >iJ (_j-^-3 S4_JljJjJl J)_J-J-3I (jl a C. 1 (j\j Cj_jLij lIILLA 

700 JU&! 

(Jj^j l£> •> I r^l 1 1 (jjl 1 _ll « H 70 (J1 (j- q -l< 3 L&jJ-I (j d, r. (_? * > 1 “ 1 

. A r. i j .r 770-330 > 4 l-i i u 330 - 70 L6jJj [j^C. IjJj »4jje-ila 


4 jl-ij >JU lU^ijJI JjJLjkJI jljJLal . 4 n V— > \ nU (jr i j~^"i ! I l_^jSjJJLj JLGj 

lIL! . 4_lrt_us iJjVj ^ JJ- 5 - 3 - u.ij <i~i i4 q.ilti ^ i J. (p| 4 _jjLS^_i d)(j\ *»■ > 1 ) lj £jjt_ju£> (jjSjij 

• SJjsLjJa jljCLal (_yi £ ‘ i >JL>o (_yl3l (JjV^JI 

( _ r lc. . »-l1 I 1 1 Ct> 4 ^j! A i^->H ^>1 jl JL 1 gj iid-l-d>o 

jl jJLal Lr !ui jqj i4.'.TT .Ml JjVjJI tliJL>o 4 jJo-oJII JujL>»Vl <_1 j_3JLj JjJL>J1 o jui jljZLal 

^ o 

Coo dU I L ^ ] 1 d -r I n I^ill |jja jJjJJU q^_>JI ^l_>oLj J I M I 45 (J_)La ~ i n -3 

. 770 (_yJ (3- < a- c i (_jTo- diiifl g.^ 4 t-i i ii ^ * 1 jl » 1 1 4- a-j 3 ,4 ^ 3 1 


230 



‘-"iM i *»■ . 

jLojJl il-£-) ijLuU^M Jj*-^ l£“^ 4 1 1 it i 1 Li S_ui ^Ljjs 


Ul<> 

. i ** 1 1 *q 1^ /* j a ■ . i i ' i , 1 1 1 I-, t n~) (_J-Oe_i_ujJ > • I Cif . y d_>~ 1 jjs La£ 

4JLu-uI_jj |_5j_5e_i^aJ| <". j ~1 a £-Jjj ^ If. J,U A Jij {ya i_3 1 _yC.yja-uu.Ji Li^J t 0>^-*d 

,_3_J-^ ui! yS*J-iJ JliJI j_yic I "ill a jdjs jjl 4 U , ..I jj J,.T~u") . 4 j" I < 1 i ill 3 JlC.L^ 

.(13 - 7 JSLiIi) 4 jjLj 4 c.j . ,i i j_J Ju t4jljl n 4ul 



3j_^Jl J 7 - - 1 . 11 .) J_>-tj 1 Cj L3 \y£- j .. A -i. u . j L-u 4 j}Lj SjLil V a 

.{jj-LaljLLia <j>*L>uLj 4-ui3l CjIJjS tj^La - 1 »j j 4 4 j_Sj^jlJI 

(13 “8 | l It j Sji ' ^ ^ ' 'I 1 1 ‘ “ ^ 4£ l \. ~’ ' * Liij I 4 i~. I . I | ^ \ . | I fill 

2 l^hm ^|^jt 

. \ \.i : 1 r ■ 

2 -tWnfr. 


\ ' : I 

4?^~M r 

2 i • f ! 1 - r 
1 ! « 1 ; ■ : • 



, 4,. > U ..JU 5 4jjjLUi 5-JjSf i Jy^j f (13 - 8 ) JSLi 

1935 (Richter) y—u^a jl 3! .JIjJjJl 3 ^ji juj_>u ^xLall^uj ^ ^ a . . . i t . . . 1 1 

.4jJIjJjJ 1 (Amplitude) 4^ \f. l^LXc 
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^ tlr. lU lU I a } I 




(jl { _, i«J 1 JL-4) . (_ 7 -‘WjLx.jJ (J^Ll^iI (jyic. i j a (CjL>-jJ 10 1 j-4 

(j-uju 4^>-jll Sj-j-u cJslj-jual Qj i\t C. SjLjj (JjLjlj 1 4 (_y3jlj 4^>.jj ci^ cTV (3>"^ 

4_o- In i u 4j>-j-a jj^l 4tm ^lii.a.3 iSjjjJl j_yj3 J)LLa3 4^ Hall 13 1 iJn 32 3jLjj di^jJl 

5 43. X <~i (JljJjJ 4 j > La i n 4^>.j_a jj£| 4_»_i^i <— aLt^ual 3j-Jli.iT: JjLju iIjLvjJ 6 43 J_ii JljJjJ 

i n * i n 32 (JjLju (Jj^l JljJjJI iTui l,Ul (jj 3J1 4 >1 Utlj ij_jSjj (j-iil—i— 3 _aj i ....-»- l!jI_>.jJ 

^,-3 t~i-3.Uol ^jlll iallaJI 


. I^JJJL>- Ll)ljL3jjj JjV^JLI jZS. JJ jjJJ (13 ~ 1 ) (JjJa. 


JjjlU 

j*SUJI 


100.000< 

LfJ jJ-li J 

2.5 ^ J3l 

35.000 

jLoJ Lfrj Jj-i^u 

5.4- 2.5 

3.500 

<u!jSL1 1 jL»j 

6.1 -5.5 

450 

SjJjS <u!j! (J j jl»J ■*•■ la. . 

6.9 - 6.2 

100 

■UajVI . '. jj ~~ -j liS jUj 

7.9-7 

qIjp 1 4> ^ i s\i ,JS 1 

Cjt.iti ill |J^J jLoj jLoj 

5ijlS <5_uLi-uj’if ! 

j^lj8 


4o3j35L3JI i3jISjj»JI 

I j j 4 l $ -*■ \ i a us i_ilj-j>o i4j I^j^l Sj.i^JUl Lr^~ jlj a ~ > 4_da>JjJl ^j_3J1jjj3 

. 4-oJu-e^i tliL^jjiIu3 

jjSJi ■ 1 ~4 iSjJjll 3 11 j I . L 3 a^a aL>\jlj £j.L» 4-S^Lc. 4_1 CjJlitJ i_£jJI IjL&J 

. 3j i**s> jl 3j < X jjSJi JL9J ‘(jia3 j\ i it i ri jl ill « i3i (_£jd 

: 4-JllH mi~U SjjJIl ^jSJI jjS-33 

Lijlj-j-ul (J lc. JjJLieJ ^ JJ he. 1 -aJI c3jl-^..£3l (jc. 3jL»_C. : (Jj-aLa-a jl ^j j JLJi/ —1 

.(13 - 9 (JSLili^ 3j_L^_a CjL*Lsj1 lIjI j 4j»la Sjlc. jjSJtjj . CjlSja- 
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. eJLaljCja 4 ^yt ^LaLLu ( 1 3 “ 9) 


' i ^ IjLi-ul i q c. l^-i i L&jl j-~.<al <~i~ v ~>- oIjI.a u^ jI ' ts~> ~ 2 

14.L-1 i iJ-| ^jjLj 4_tc-Ji_) , „K r ^jjuusj il-lScm (_£_jJ9 ^-JjG <L.Ttjl.i (j^ J u 4jjLc. 

. ijy^> <S3^ ^/fjL3 (j^ < V~i~) 4_ijjL>. £jJl u3_j 


4JjLo jt SJjLal La <jj£j <jl Lol (_y*j iQj j ■& < ti < i2-> (_J_jJ9 j-2)Lj 4j> j" i : CjLlLs —3 

. d i ,.U1 4T jj dt >U i>i j j| 5 


4j4vjL>JI 


d.^i.4 4i<’, i^lill 2^1 till ^ 4.4 4. uj J£LouJ i Aj I/.tj 4_lj»-jL>. 4_lLvI jJl j 21 1 a. 1 s jJjLoj 
jL^jVIj jL^jVl tSj -? «JJ jLLiaSM 1 l~i 2 1 41 " 4 Ijl. „•*■, A Mj Lljllij >JLl {jj* ol—JLl j -V_U 

4^j4_v- j^paj V I ^ V~> 4.4) Ls^-jjLj (jjL: 4^t_uj 4 j 1 .■ j> 4^11 SJjlisJI » ■ 4 . ..* 1 ^ , d_i _1 _lL>JI 
4 2 i~i -> <1 1 CoLi-Liil ( _ J i3 jcAl i i« ' l_g s_i5^L*JI 4j_jJa^Jl_j i^LLxIl (^1 

4 J 4 4 1 I mH i^LLail l_-4.J-4.4lJ l_4.l_4.4jJI ijLjtxJl t£j^_>0 L4 J I 1 J1 ^ i( _p3jVl {_yLl 

• 4j^c_iJI CjIjLUI 2£^>. 

. u l -v j £-Ljj uLajO 4^j>. {y> 4 1 ■ 1 1 1 ~ Loj 4 J 1 1.0 Ml dJiLLj ,jji cIa 4_o.jL>JI 

.4 jl~v ljJI <— 4 j^ju 4_lj2jj V I 4_uil^JI o £_jo < ■ < ■ ■ ■" 

(. ^_>JI (jjljj i?L^>»-ilj ^y^LyiLuJ JSLj^jj jl j <1 ~ 4 lib 4_i-:vjL>Jlj 4 _lI>.I jJl 2tl 

.4jj2jjVI 5_^SJI £y& 
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* 

jl_ic_jJl L-4JUCJ u^^LiJI £ya ^r 1 juaJll iLjJ,I 4 j 1 ^ 1-4 A Jl 4 J 3 LLJI 

ur&J ‘UjijLJI (jj-Lc- 0 LJ.I tSj-^3 •g'jJillj jUo^oVI " ' ■ ■*■ ■ ■■ (J ^ -i-u (j-ic- t • 'i\‘s . ~o 

jJJk-lj ^LjJLI (^^_SC_U3 a IUi-v . I * a A I al I~il U^i ->.t I dL>jLj jJL>J.Ij 

SjjjJI (jjSis 4 _uIj Sj_a iJiuo- <i~ilUj->.t1 i>L>olj (JSLIi (jlc- 

. l< 5 ' .a j-st+jj (jr l jl 0 LJ.I .(13 ■ 10 JU3 4jm 

* * * t 4 
(Jiull ti ^ ua L> i Itj— ^ >■ 4_l_3j_>v)l 0 L 1 XI (j-a Idj— >- j_>.Lj 01 

^li-Llt + ^“UiujVI + 4 jjL>JI 0 LJ.I — .li^l . ..~ll j»Lc. (_1^- L ‘‘ 1 , 1 i—S^LiJl 

. « 4_a L lJ 1 4_ljLU 4 J jlxil )) 4_! jLnil eJJb .jJeJLtll + 

£->3 £cj( c-u.uijjj CjL>oj 0-° 4jJtL>JLl ^ j-^j) I jj -*• 1 1 ,_l»l j_*JI jLJLl 3jj J lia-ijj 

. 1 ,3 1 ti 







• Ij J (_£ j3 jlj a" < ii Li 4_a~ I-i i ii ^Ig. jj j3 (ji-yil-L) J <- » 5 j^ V I 

i . -»-x ■» -i j ^jj-j jLLx*iJ A-=r ■i-"i~i . .i _nj (JSLiu 4jjlj_i» 4_£LL> ^j-ill 

-Ij-pJI jljJLal Lyle- Qj mi 3 It mi .,< ..i*i J i^-jl a is> ^J Sjxi-ill fJaJO i4loLr». otjLu ^jjSo 


c. 1 — I j Sjujua- 4 jl-i_i >■ a 7^31 .i is) (jjjSjj 






4 _xiaj 


• ^ ua -° 


l 1 ^_i_u ^ 1 1 

jrLijJI 


La-^.U.1 . LsjjJL>. J I J-la 1 ^Ig. ^jLa-Te-aj JjLJlj ^jl 4 i^-»H 2£j_>. ‘ ■ i ■ ■ ■"j 

ti u JjSL jJSLili L^-La tj— >■ ^ .i n <~m -w 3^_*iJLil ^LJujJI j^a £^_iej 

CjljL^-ljl il l gj-jcj jt c JJ_£J ll I 111! kIjLi>J_b jl (jj 3 Ml (j-a «J— >■ I— )l 

. 4_ul^j_i 

. 4jj J-L i-u j - JJ 1 4 . 1 1 Lila (^rvSlj-ij 4ac.jJ ^j-a J-jj-il 4 jMj ilJLL&j 

dxjL^ 4 ^LLs i i o"j i4_Luajl Cjlfi^v 4_> j i ) . u i l ->.~ 4 i . >>j I dil^_i Ljat 

1 4 Li^aj-g. 4 jjj Lij j 4_J aia 4_J a I .^1 Jib 4 j a i <i “k, I JSIjuj If u^g iOj>* 4j^_it_a 

, 4 -ltt Ln ^ u j* l^fl I ^ 1 c ^ i^ji^ ji 

4 _^L;JLa : j j ^ i j~*> j jl^j oLalj-g- j^jLi..JLi 1 3 ~ j 

.(_3jjJ-U 

t 4jjLUI jjJ r-nr aJl £jj^]j Oj m . 3U ,Jj. Jt_uaJl i_«j_$jJUI ^LUl Jx^-3-H ^ (jiSllLgj 

. Li jM-oLlg-J i L^jjSjJJ 1 L^i. I j-lij * 1 4 _UJaxijJ !j 4 1j -|~~ 1 1 J 
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J lUHll 


4 I* i»l 

£ _ y lc. ^3 (Ji-I J 4^1 L-i 1 1 <_aj^ — 1 


5(j^SLo t-£u£j jloU^I Loj ^2, A-ii-x-a i In ! njJI La —2 

^‘LJlJJjJI 4 bUoJI J ~" <" l a iK j (jj£u * —3 

V liUL — 4 


(j-gr-U i i J I j^j4l LoJ ^4-JljJJJl SjJ-JI La —5 

£jjejj (jr 2 £l^i £j-u 3 -6 

^ljLL_j $ V _j! 1 1. n i LxJLa LJL>. 5 t-i ,~,. ' II 

* 

. 4ojLII 2jjjJl £_u3£j . ML- ^a^ujl —7 
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(J.uarttl 

*LuojVl Sj-itdill i£j3*ua)l t - i - x.^ JU t 


djj LjJ I jji»x^J ( 

* 

Icj-a. ijjSdj 4-jjfr .Jr»C jl djj i \r 3jLa (jji 4 .j»j il-> 4_SjjdiJ (jjSLij 4jjS ^_£l (_y- * 3 j- j- . <">1 1 

# * 
jj^s LJli. .3 ■ j . >» <r j_i£. jlj^o (^1 »(jjljL/a (j^s (jjSLij jjje-uaJI ^dajua (jSJ • 4 jjuSjVI 3 j . L . li l (jj» 

. JL»-lj (jjL*_a (j Ji (jjSL l j Ju9j jjLt>a 3 _!lC. 

lLiMj ^Jl l ^ .i— iu-3 I 1- . . -v. , l * I , ., £j tl J A l il A f.j l I aIi-. 1 3 I i i- Vi j j -> i ^il l l_ il^> <>9 Jjl 


.jL^juaJ^U 4_LLis jjitxo — 1 

•^Lh (> 

. 4jj_La (i i 

. frUI (jLijjiLI dJLLs —2 

aLIS jjitj-s —3 

jj •*• i<~i Tl : a l .°i I 4 j^Ij l ^ ij'v* JjjJL < * ■ - **- jj ^ i ^ 1 1 j_tiaL>Jl < ~ ^ j 1 1 ( jr js ^ui n 33j 

.(Sedimentary rocks) ^j^jJI jjj^.^Jlj .(Igneous rocks) 4 jjLlJI 

. (Metamorphic rocks) 

il ,. < i ij ji (Magma) l a > La (JSL.ii (_ylc: *j ■ “ 3ti jj^l j ^Jl ^LijJI a j _• $ £j_ rej 

.(Igneous Rocks) SjjUJI jjie_uaJI <LLa (jjSLuj . . < 1 < jj..u.fl .(Lava) l ^-»- U . ,, j^ic. 

cdJjJiJ . 4 -j j -r il l L .. i J I ijr l£. L^UI jjSLjj (_y3jl SjjLLII jj -»- i^aJl (jl^j « ~i~ 

.(jic.1 (jJI 4 _iL».I jJI ,jjJiJI LsJLlCi Lo^-lil (j^i <jj£Lu <-iiiaLJt SjjLll l jji e_uaJI 

ilj-aj j e-u a ^ 1 L~i ~>- ij’ia (jj**" j j . jj. -x i a \ gjl-ttj La \S j *~' J 

j.. -» .. T«- .rJl (JjjIjjC. I If JJJJ . 4 a ll -r-a .,„ . < nljj dj^SLa i jJuj . JLiLjJIj dLLLI L^IaJu 

J J> •> . L j .9 fjjS jj -LS .(jrt .3-i 3 t ia 3jl^_>- CjLkj^j da jJLu3 -k i jjiajVI ^ L> . ■■ ,jji l_i^ 311 . 

. (Sedimentary rocks) 

CjjjIj . l^ U dj 4 jjUIj jj -r i^ill C^Lbjj 3 j.L 3I| (jja tljjvt ‘ il |jj 

(Meta- 3J j -a- j-o j j -r i n jjuuajj (J j^-J u L^jL^ . 4_JLc da j. Juuaj Sjlj^v oLa»jJ (jlojVt (Ji.lj 

.morphic Rocks) 
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J ■ 1 1 1 


' (j < ■s ‘“Ljj-*jJ1j djjatlJI <Jji1jj 2, jjrtj^aJI ^4jji (jr^-J <_mj3jjJI ^ ic. Cjjj I Ijj 

3jl j_s- dil_>.j.5 4-1 J •> ~ i 1 1 J 4_uj-i_i/jJ I j 4-)jLill 4j^>LjJ1 jj '■’- ' ' I £-Jjji (Jr 41 ^->jJ I lj}j ■ <— -i^ul jj 

4 l> 

.(14-1 jujuv. d_j^. SjjjJl Liiiju Ijluj j ^ i *a ‘<~ L^jla i!a>- 4_tlLc. 



5 ( 1 4“ I ) I'J ^ ^ 

(Igneous Rocks) ajjUJIjj-^u^ii 

(jj£u .(14-2 (JSLi) 4 _laoj^M 3 j ui3ll ( _ r 3 jj.-r_i..-a,Jl ^jS^I 4jjLUI jj-^_uaJ1 

(jlaj^l Ji-lj Lai .(Magma) j j u ..-J 1 jj-d <■- 4 *. o "~i j j ~r mi l * 1 6 ' a %65 

(Texture) l ^ -»■ j . Miv ^ . .1 i^»rn e^-p. . nil Lalj .ctia-u <.„il,<^>~ii t±.,i. > . 

^J-Il Up j_£jj ( _ T ic. J-^aJi-t-i 4 ^ i ~i_ -> l! 1 4ajLlJI jj V ii~\ II . njiid i <jLii LiiljJ .jjiJllLaJl 

.(Texture) lay mn ^U-j (Mineral composition) 
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4 J u3jV( 


il 



.(1969)^ 


3 J nl il T I . ^ j i) >i i rtl I (14" 2) 

1 ■■». . t i t i j*^ 5 


jj-o (__£,jJI_J ' J Jo *^all (_yj t ■ « II (_j_l£^jJ1 4jjL<JI (_jJJL*JU b , .< I «J 

(jj)5>Mb.li < <i It j j g i<? 11 1 n i a j ■ ■"< 1 i « 1 1 ^&l . lUj i J 1 r. J c I — ■- ^ 5^ j i .? i a olL-d-i-*-^ 

4 M,S 4_la£ ujL. . Jj JL>JI j ^jUVI J ii « 1 Ij j» ulLJIj j i uljj-Jlj 

i <1 is) ~<j LaJu£. .H 2 O, SO?, CO 2 J’l.a oljLLlI _a j—l-oLuJI ,j-a j t l ^ 

(Feldspar) 1 < n.ilaJl 1 ^ a & i 1 ^ j ' j " (jjl— *— ^ j <^?1 u> II > 1 ^— i_^— u^Jl 

. 4jjLUI n*>ll jo-5=->- %95 <j_ 9 ^ 4 jla_j . (Mica) l5Lm_j (Quartz) 

(Maf" 3 1 — a j _i a 1 nj 11 IL5 _g ji j j 1 ,ij < « 4J \ _).> ~>- ~i ~r j g ts-i 11 jjL £ I jl 

* 

. 1 (_p a ,1 JL f. (jjJJl 4 2 — a\ c (jjl i a j j q .^sll 1 .1 fa j jja LAj^* *~‘Jj • 1C Manilla) 


■ i jj ! 1£J I J >Lj tlijljjajJlj jJ^jjLaVI_5 I^r \ ‘ Jl_2^ Li L 


4_La u ~.u (Sialic Magma) j * 11 j i,n ^ a » » j LSLJLuJL ^ it 11 j- ■ j » -^ 1 1 j 

.(j_jill <LLjLa (j-iiJ i^> 3JJj)i^ll _a j jl iiiijlaj jJijIjSJI (JLs (jjljLa 

( * 

(jjJuLLI JLuj (jlJlj 4 jjLJI jj | ^I^jI JljJLjD I 4 a (jtl ,.tl jj^a 

• jLl^jIoJI ^I^jI — 2 

• (FcrromQgncsi q) 4 j uom jujl>JI ^j^Ljuo ^ I i4_S-«LiJI 4_xb Lll ^j^L*JLI 4 < 1 .. 1 ^3 
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j .t.r - - J m dJ ) 

(Texture) ^ 


^yic. ( _ 7 jJ I (JjO I 1 ^j-s . j jsr is~i] 1 4jj Juii, I til L m i rsJ l t_ijj jJJ (JSLliJ _J-A 

t-illjiT ti—tLu^HJl 4_c.^_<_u i ^ j ^ i f-i 1 1 3jlj_>. (JjjljO (jr^> 3-ijLllt j^cjuaJl ^-y-uJ 

. 4La CjljLiJI A t^jL y y^LII 4-yi£ J- 1 

: 1 ,j <ia I 4_^lL^/I t yA 4 3 1~ Lo ajuz i 

(Coarse - grained texture) ol^kIi TLAaaaJ " 1 

AL)jS~a tlllj_jijJl j . . A i ~ i cda-i-i j j j - -> 1 1 _i^_i Ijl in /II IjJfc {j tf\ ~j 

LiLljL^ ^ j I II Ml tjL& tJr ^_<-ujj . 4fL LLi-/a £juJL) I Lyuiiij 2j.~l.i S . iZi Li . j .■!- •> ■ 

* 

cjl_i_yx>JI <_i_9 it j_>. ^)-lm jv. g_<_cu-i j_3 . (Phaneritic texture) (^pj^y-uLa j 

.(14-3 J1L) ^(Pegamtitic texture) £_yL> 4jt& i.l A i^~LM 2 ^_y3 ^V_L I 


IL-.U1I 

® ; ® 


|t> H* ~l>4 


HwW 


I 


H*1W 

X4ai*4 

. OhuvLJ 
© ) 


® ; © 



ftW* 


I 




*ron*i+l-*f> 

m*«cn 


VW” 
y ywVr»4tj 


■WnHh 

^43—-' | f uxi 


0 ® ®® ®®_®(o 

Mufut. v v - 

'j. - _ . AJI Mfl*. I 


Hiftstml 

wtfwti 


IaM 

It) 


AM Mraul 
Hl(fe<d 

tlCM^lXIt 


jVw 2 (|y« jiSt yjl J^aj jj-fcUSjijjtfl OIj^JLj £y-*j l$J d / i /i ly*. AjllaLj^i^a (14-3) JLi 


(Fine - grained texture) -2 

( _ jy Jt j j La jug. jJJjj « Lli m*i L*J^-u j-a^nll -LJyyJ J Jj - a l- - -Lc. ij^Slu 

(Aphanitic texture) ^AdLal gyy-d LUj^ Lt a^laj 5jj-> 41 u^-dL O- 5 ^' LLh Xi .^ rU . J l 

.(14-4J5L1) 
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► 1 L^J *uJJjL) 4 j j^laas a % tin 3 ! ( 1 4 ~ 4) . ? < 

(Porphyritic texture) -3 

* « 

* LJ£ i^Lua-jj (jl ^.ta.^ij I ^1 ^ j ^ i.^raJ I J>4j JlLc. {jj & a 

* c. i 

4^?jl jj.LT) (jTJl (j-lLtil ijljjij jLilLfl icdajj Jjj j SjUwaJI <jLa 


LajLic. SjTA)l .(Phynocrysts) olL-^jijLjj V^. ya-<-uj i^_^_>Jl 3 j_j_i£ ^-i-i ^-i J j 

* 

(j.jL*J.lj ~Q) j u-i 3 jjJLjJI Sj-jjij iLaj_j_<-u JLi^-illt JjL*_a pj-aj t^rt-unll (^1 j-j^-uaJI £jJc j 

(Porphyritic - Phanerit- cj^jLa - i>& o* M g; j ^>:J1 Ijus>j .<2_j_3.j 

<3.jj->JLl (j\_*JLi HJ j£ l _ c,jj> *Sj j ^ M l^j(jj 14L) <Jaa >o j * L ~ i j L 1 1 o_il5 1 jl ic) 



(Por- ^^i-uLbl - jj£L ijl Lolj 

cjIj^IJI 4__b jj£j phyritic - aphanitic) 

ijj5 iq^^i 1^1 cj Lu^j£j i j/) 1L> J^A>o M 

.(14 - 5 (JSLi/) S.jj->JLl (>jJLi 


■ i_>j-J6^-tj g i ..j L4J lj Ajj >.m J -UR (14 - 5 ) JSLi 

<1^* a .... Jjj a Jk J 

.^Itn?) A iiUl * <2^ii4j ulj^L 









cj .(14 - 6 JSLi.) jjipj o' *-. pxLuXJJ iS 


(Glassy texture) 


Lujl Ijl Mia 



- 6) j sjl 


(Fragmental texture) ^Uaj*. gn..> -5 

i ( _ 7 jJI I i <— i 11 t_y-t t ) j J.AJ 3jL>- 4-^at, 1 -i-k. pi ij ii. £ys 

. 4-pyyj jJx- /.->j j ^;Lvj j»LLuv Lpjl i •>■ 

(Visicular texture) l HI > —6 

^ j i^tll ^-4 (_$j) 1 1 3 1 t J o 1 1 CJ J^ ' 1 J 

* * * 

oUlLa^ 4 j^£Lq 1 Ju 4 > ^r. i\ LK jl U5j^ tljljLiJI Lo^a . LwjJ 1 « a Ij 

.(14-7 JSLi) 

* ^ # * 
CxjLJlSLn ^JiLa ijjpLj jl_»_a 1 it< j i LljJ>_>. La^Lo_>^ iHi Lei. 3^11 j j_i . ■ ■ ~j ~ ■ ^ Jxa.j 

. (Amygdaloidal texture) ^.u^l Ijla L7 a^ .(CaC0 3 ) 
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. I tyC LiLil I I jJJjl) AjjlSjj AJ^j-utaO A 1 !r»3 (14 - 7 ) <J£-i 

LU I j j) ^ i^iTI uii i *> i 

f 

(^yjj jjJ J l. x M l J J l J ge J - u ‘ < ....->- — LSjLjjj Ll£ “ 2 — l^Li-ll JJ V ini 11 (nil .-|~) 

< 

— CaJ I I jJ 1 4 JjLc.j CIajV^jjJI — ‘ " - ulj^J I 4l5Ll IjLITuI LtjiiSlj L^n-*l 4j_^it_u3 Cj^LjLi 
.(14 - 1 JjJjv) (- 2 j_jVj_ 5 1 4ijl£.j dJjLJl — Ji^jL>J1 <UjLc.j CjjljjbVl 

(Granite - Rhyolite) ujV^ - 

jj^jud ur&J ilSw ,ili in]) 4 _JLc. 4_i_t*ijj ^_j->o <C,_5_4^>JLl 0 Jl^ 1 j^rn-i^iH 

: LafT ( _ y j JuJLl LfeiS : JJ .(jjJJl 4 ^oL^ 4jjua^aL». 


Quartz %40-10 

K - Feldspar %60 - 30 ^l^jLwl* 

Plagioclase %33 - 0 ^ 

Ferromagnesia silicate %33 - 10 ,^il^ iliij 
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■ 1 1 * i i “ ' J lq* /i ijjLUl > )ni i.V> ( 14 - 1 ) Jj.L». 




(% 100 ) 


(Peridolite) 


2 i,|p 15 


****">■ ■ <jjU-* 

( %50 - 25 ) 
(%70 - 45 ) 



2 ji^ t/i 


job* ^ 
(%■ 40 - 25) 
(%70 - 50) 

> .nil *11 <_Uii 



^jionLa. 


(%40- 10)^1 jS 

(% 10 ) 
y— UjJI jUmoUJ) 

(%6 0 - 30) 
(%33 -0) 


A-w .. 

(Pegmatite) 






(Gabbro) 

(Dioritc) 

cJjL 


(Basalt) 

(Andesite) 



(Rhyolite) 


/ Gf*^ 
(Texture) 


11 * -*- 
(V. Coarse Grained) 


Ci 1 iu.-> It Jj ■*'-*- 
(Coarse grained) 


CjItjtxJI 

(Fine grained) 



^ u**- i s'&ji 
(Fragmental) 


J Ij «**■ 4~j jill (JlLa 4 ^vjLj <UoL>c_a l-^ 9 Vjl I (jjL*JLI 

I j * j ttJoLar a IjjLj >La LJlj ,j ~ u lfTgaj j V I j jCjl^jSJl L^l 

. 4j_yjlj 4_*.J Ij 

3 ■ . ..‘i C*3L£ |jl . ^£^>.^1 (jjljLxJJ 4 4. 4 . ti i ILj 3^_lj5T (jjljeU (jjSLi JL9 

. (Porphyritic Granite) c » j iI^>. ( _? « < “*» (jjL*J,l a j-* 
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4. a ni n ^ 1 uuSyU \ 



(Granite) o-<j!>>ji 

2 j,j 1 AjI m i V ^ “r ~v. 2 ' ' (14 - 8 j_j£Lui) i*iii~v. ^ J T i s\ 11 0_L& ^ J ml 

.(tpjjL^ ^Phaneritic) 

# * 

CjjLS I jl • IjjL-aj dwj jj^SLj LxILc, d J i.t.«LI 4 jIj^SLo I .-T t~l Vj (jjJ 

C^u Ij-J-J 1 j C?-^ 1 1 _i <i -hJ 4j^J (ji^SLj_2 iZj-LjS d ■ ■ ■■’’ 

.(14 - 9 JSLi) ^*111 
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X-J IjJ I A 1 1 



[O v ,->j l*j t cr <k>J J-j— .1 ^ . 4*1 jputf j-4 LJlc j^£*j i-ujjVI 3 jlcL^J1 (14-9) 

. *j i j ^ T 1 4_i^c 4 a UI 4 . ^Al" ■>. a kLLi>L>o1 ^jis ^" l 4j_ulL3 j <Luix*L> ** 3 r. ^ * *_Ls . 4 * 1 <« j 4 -lj^-j 


(Rhyolite) 


jl jL>aj I <( ~i_n l^- > Jl (Jj_a t—uL^JLl I mi i LgJ 4 _uL£^j jj_ ^ _ ua 

Ijl .(Phenocrysts) LJLc. .(Aphanitic) i,j yj .^^->-1 

(Porphyrit- (% 10) ^ cjLli^JI 2^ij cjjlj 

^ 4j^_c. (jjjljy 4 _i_S_jlII 4_iLii4 (_ 7 i (j-ij^l < ij) j ~>- ^Si oj ni ~< < a • ic Rhyolite) 

.(14 - 1 0 (JSLi) (. (yijJI 4 flirt i a l£*^J 



.Jiljj >L aj y~cS Axi>j JUj^j «■ jj ~ ■ 1 1 lj^c !><• j>»w> (14 - 10) 
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4ai4jVi Sj n \ 1 


Diorite - Andesite coiyjjji - coij^iaJi ^islc 

Cjyi3 ^ j~ . _ > i l I 4 j i <iL>Jt . i s \ ! 1 J f-r -i .i j " i a 4_c._j_a_>JU o , 1 p I < . ,,i 

: 4_JbJl (jjLLLI l jja 4 jJ^.LoJI j a_ a- 1 si 1 1 


%70 - 50 
%40 - 25 


(Intermediate Plagioclase) 
(Amphibole and Biotite) 


t-> ■ ■ *j* o ' 'j Kjj ^ N > 
j dj ‘ j a 


.(^jLaj 4£._j^>wU jjuSi d$J . (jinKjJJjVlj O' 4 4 j*u 4 (^JJO L^J t LafT 

tlijtjjjl jjt 

(jji— *dl 4 — j — cuj OjL£ 1 alia Jj ^ f I (j_j£L) ^Ii-iw jj it uaJI 4JL& 


L^jJ 


(JIdLLo Cojlj^jl jJl . %5 4 j ' 0 ) 4..I-.-.1) •_ i >-x£i 4_y.u-i.Ii <ajJLjJLjdl 

• Cy* 

cxjljjjjVI 

_jl j irt -w | jl |3 ^Lc (_£jLaj » CuJ I jjj I jJ L£ j^y-Judl l-ajSj-jJI jj-ujLi L^J j * >• ‘ /i 

* * 

(>a i-JLc L^j .(Phynocrysts) * j • ■ < cjIj^L (^JLc- LJLc. 

WjI 1 o *v jjV! JL^>- CjLyiSLl Sj^>-j_a . 4 j i n j . r i rt jJoJL>. <j 

. 4_)jX. 4jlSjl 1I 4 ii I *' ) a ^3 5-ijjyyj 

(Gabbro - Basalt) cjjiji - j^L>ai 

: {jjq ijj&u <L3_«Lc (. ^1 tljj-uu jjitxo 


%70 - 45 
%50- 25 




Uli 


(Plagioclase) 

(Ferromagnesia) 


\\ < iiJJ* OJ 


(Gabbro) j^uat 

CjI L u J^dj i _ l3 ^ 1 C _L3 iSjJx K i 1— uua— (J Jjjjlii- ^_UuU Cjl j <ULoLjL J J -»- . ^ 

.(14 - 1 1 d^ i ~ i ) t jujiK^a.^LiJI jjjo 
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j <tir. y 1 jJt 


.jjjVl 4jr i 3jjjjv 4 jSL»l ^ £j\ m i.>iJI ^ ~a2u*\jL j^Lm ^ J^lgj j^-iL>- (14 - 11) JL1 



(Basalt) cjjLJt 

# 

U£ iSJol-l>JU ^jLoj-oJI 03^ .^-.tl ajt£3 i IjLtiijjl I ^iiSi _$£> cJjLJl 

■ 2 1 ^ 

tLjjj-i_u ^]^>s <_JlJI 45 ( _ r ll_$-3* ^ 1-1 «~ (_3-^-3 iCjIjLSJI ^Uu; (j-a 4 1 — Luiu C-)Ij4 Ml a ( jln»~ L^jl 
* 1 

<( 14 - 12) t-ill 1 1 L^ t a i 4jJj_JU-4uiilj JL-^— 1 <-** 4_S_La_Ld^ 

• (Scoria) ^l^uj jjscu^JI &>x$} <j_^£Lj L° I 
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*^>jV I U >1 1^31 LuS^UI 


(Peridotite) iIuUjjlj^ji siju: 

: 4_JllII (jjLxll 4 j_j£Lo . Jj_uil ^yJI j-uL.1 Q_jJ till j j_joe_uo 

% 100 - 85 ifriJji 

%10 - 0 cry-^ju;^ 

%5 ~ 0 o ' , 

%10 - 0 oULk-ojU-. 

(j^Sj _L2j t LJ ( j ^^LLJjVl (j-o Lili. 4 jjSLo 4_j ..ir. Lb <-1«j ij j ja_^_t-J I 

(Phanerit- ^-u_oj <iilj t_y^j . (Dunite) ojLjjj (j'udjVI l j-4 > la . s . s Sj^SLa 

,jl4aj (j- 41 (jj-JjLd I J J ^ t^il l £-* £>=tj jSj i(jl3jVl (Ji-b SjHjU^ <jy^ «ic) 

4 4 i -L. lt I j_yja $ j „ j.r. j (jLSjj (^_3 JL>J| j_a La_£ <_yLSjy ,Jj\_tS_£ (_y»-jL>JI » jJI 

• ^LL^AJ (j^jLiJI tj lklU (^judLl (_ljS^jJI (jyic. (Jjj cy^J • £)JjVI Jjj -4 -*' iH ^ ta 4jjJjl_Jl 

(pyroclastics) 

Ja^L-ciuJ 4 _uL£jj ■*■ AM 4 ~f- j~’i e.l^Jl ^^3 j ■ j 1 j I (j_a ^JLs3 jjLLijj La 1 if 

* * 

I jjSi ( j^a (j^jJI j^— sc — uail .(14 - 13 (JSLui j (Pyroclastics) Lai L-v <tjj_£La 

. Lg3l uja. (JSLJuj t_ t .1 i 1 <^~i jiLLu»Jl 

0.6 (j^a ,J^| 1 ^ a 4 V - j ~ tauLjiJJ tllL_ijj>. {jA : (Tuff) til] —1 
.SjL Hjjv oljj jo^a 64 1 ciLayk (j-« : (Breccia) Liij^j —2 

.^5 jyi j-£\ L.1S^j JjL& : (Conglomerate) 0 r>i«~>j -3 
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1*1 ^ ^ LijJLvS ujJj Jjlli yJI 5j^Ji4rf> uLu> j^Soj ^Lk> (14- 13) JSLm 

«ijJjVl Jig A 


£-<a *<LaLu 3 ^-i£. cjt^^ ^JLc ^.L^i <? < <m JL 3 .i^oJI ^jLLalu LaJlic. 

* * * * 

.(Ignimbrite) U *r-~i1 a L2il £ Jj I ■ ^» ■ i -^j 4j aS~a I » s Lg-uaJU 

i d_jjLS^J JJLC- l 1 1 1 j J j *>> £_a L-lA^ujJ j»lla_>Jl (Jjjjj JL3 

K # 

.(Tuffite) c-jtep ^ * . .." 1 j j -»- < Lj^SLo 

(Volcanic glass) ^UjJi 

(jL.jLi.<t»jjVl ^L%.jJl £j^j| £y * . LjjLSjj L*.L>.j (ji^f 4 -c.j-l-lu jt $ <^ll jjj 1 1st 

(j^sj *(14 - 6) (J^ i~i j mCa jj ^ .L ifT (j^iJl jj-i-ul i(Obsidian) 

.(Jj ^^ x-Lisj g^LiMj lZj) j (jr&j (Pumice) uja LJl I 
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A,,i I 1 uu^jJ 1 


Si jJ>tHXI jjjwaJI 


JajJLua _j-ul3 4_> J~'| ^j-i-l 4-lj-r u, a j] 4 _uj_i*ij ji 4 jjLj jj3e-i*3 0“* J J •> 

ji (J-Iju-L! L£j_>£j 3 j._u *j (^yJI 0.3 1 (Ji-lj 4_ul j<ui> oljUlj 4_Jl_A Sjl j->-j 

* 

. L*-a (j^-uVI jl ^ J ‘ " 1 

>jj-i3 c^l i^- 5 ^ (Metamorphism) Jj-^UI jjJ*-uaJI tj-K; i^SJI j jj <“1U 

.{jjlxll j.-jit’ij I j (JSLiJl ^jutilj ^LcjSJI »_i_iS jjJI 

J_^tlll J-aljA. 

4-^L^-^JI J^l^jJI 0^3 lil t 1 _^2j^l tj-IaL (^jja S.3 j-j>.j-U j^-i r u-i 11 j j J i~i (1 j_1_^j 
(J-^lj-*JI ^<3 jjjlj3 J J ^ ! I 3 -LA jt_Luaj ^3_»- j ■ ■« *i 1 1 j a" uij . l_£j 3 l~i_i ~>Jl 1 4jjljj_j_Allj 

. 3ju_L>JI i. 4 j j -L 1 1 <GjLj 4-jj JutI I L^Lj jSLa j-u^u i3j_iJL>JI 
• I_£jA»VI JjJLjJUj itUUj i . La » i ^ " j 3j(j3>J1 (^yA J-al jjJI 3-LA jo-&l (j^o 

SjIjJhJI 

(jj\-j-l.l 4 » _ i i 1r> Uj-jjG jjJ) dJaLO^L 4-i-l c,.c. 3j i i ^ 4u_*Al Sjlj^tl] 

* 

• l-L> j-±j£ (JSLLoj 4^L^SJI O^UUI Lyic, ^jj 3 L^jli * t Ajl j '1 4 a-jJ (jjJj JJ-V-L^II j 

o 

j»200 - 100 5jtj_^- CjL>jJ JlLc. ij-se^cjJI 4_j_La_C. (j j " 13 LoJUA jj ~»- . -^ 11 ,Jj_ssj IjLu 

o * f 

(_ r 3j Ij»800 - 700 LJLc. jl_,J_LA_lVI 4 -^.jJ JUA i_,g~ Mg i~ i_£j->-Vt J^al J_*J1 j_i3G i .■■■-.- — 

o * 

.f 1000 ,j-a jj£ 1 ei iIa-J- 5 J-lc. iaL^Jl dj "'J'* ojJ-).A.*k]I oISLJjjjJI I i ^ jjjLxll jj-oju 

* 

LjJLc. <J t^j-ll jj-jLa— -> -ii. 1 JoLAill GjI^-sJl CjL>.jjJ (jljJL-ua-a JO.JJ 

^3jJJ 1 j T l~i 1 1 ) (jjJLa uLuj jl (jlsjVI jjJaLl JJ >■ <^>!l ^jLj j-j-^juaJI Ji.|jL3_i_3 i^jLj-LiaJl 

jLjijl _jA ^jLiit j-3-u a .Uj . L^Jj-^jj 4jjl I~ a CjLvj Ju 4 Uj ~>J,1 jjJr i.aJl jjGJL>Jl 

3 jl j->JI CjLjwjJ jl Jj— i i^jl s»J 1 ^jJLlJl 4 j a. < u*iL<a 1 -LA »JI ^ 5 jI^_pJ1 CjU>-jJ 

1 00 J5 ^3° — c. JSLIj 

iSjlj^JI 4 ^-jJ Oj-ajjl 4 Jxj 13 J tf% ^t_L_Laaj 4 i ll^ it I i .< J 1 J 4 1 i I i r - 1 4 ■■> 1 " -w t 1 jjjL»JLI 

Ojo 4jjIj jjjL*-* ^yJJ iii£*i3jj j ■_ >,.. « 33 L^jI jl i( jjL>dl ^-«J (_> 3a ... « _iJI 1 g I>I ii ^ (J-C-l .3 ~i.~i 4 
41a 03^ ‘4 -J - ialaJ I (jjL»il -Ljs-I Sjl j3- 4_3 -jJ OjlGjjI 131 >Lla_a ,3 -Li-oJI 3jl ^>Jt oLvjj 
• (jjLt-oj *Laj jLj-uu-l1£ ^Gjj 1£jLU i <K A~.~ iji^( Sjlj^JI OjLk-jJ Ojlajj! !3(j (LSLiLa 
— jjJ-j-O 1 . 3 (j a ( jn. I U < jjLJ 1 j- l — t _ a 3jl J — »JI oLa-jJ ^Li3j 1 Jj j H aVl (j— a j j ^~j j 





jjJULfl £yt ^ jfl mi l <i 1 1 iV) jGc. (J ^.iiy <aVI ,JjiJ (j ^5"u — <_3 j_«_i Lufj 

■ Jlu^I (_y3 jjjjj jjjl_j£J!j C-jLojJj jJI ya^ tloljyiijj'i/jJl 

(Mg, Fg )7 Sig 0 22 (0H) 2 — ^ 7 (Mg, Fe)Si0 3 + Si02 + H 2 O 




(ilry^JjW) 


Oo'j*) (‘^) 


CaC0 3 + Si 0 2 -» Ca Si0 3 + C0 2 

Mg Ca (C0 3 ) 2 + 2 Si 0 2 -> Ca Mg Si 2 06 + 2 C0 2 








(i4Hj£J' -u— Si (^11) 


JtajjiaJt 


Jjjj 4_js.^aj tliLiiLsoVl ^ .u > y* t _ T lc. jJiJj i_j Ljir. A ‘ . U < . 1 1 £y>, Lilli* 

. 4..ij * a CjLiL^jl {jr 3 

La jjjj ^C. 4-j>»jlj CjL&L*jV1 y* JojjLus (_jL>jVl jJi-lj ^ylc. JJJJ 

* 

LcjjcjjjG jljjj (,il i.j-, 7- i4_aLIjS2l 3jLjj -jChjLi jjJj iLj.* ;>>ll p j a .jj V mllj ol a i L 1 1 y) 

jpj 2 i i^II i—i C m->- L^-La 5 ^.x.j5wJ I 3jLj M j^Lu 3 jLc.]i^ iCjLi_o_>JI y^\j3 

• * 

^tJLuaJ Ij_ljJu 4 Lij >JU tUj «<>><! l . i i ,~ [_*£ . I Jlj CjLdLi nil ^ 3 *i + ~ 3 

* 

(jjljL-a 4 3l"iLJU yn {j .(J3l « i~m a 3~i5l 

. 43 li^ (JB) 4 -Uim ; « AJ JLj JU>- ^jjLuja y* (j^Sub (_gjJI (4, 3 ~ 3, 8) 4_JL*JI 4_3LSJ1 j j 

tinOtJ SJctl , t.u J. Il I Cil n j >JI L-ijJjJ (_ 7 -Lc. l) " c ~*~ Cjt+^ ‘.BjUJLC. lLiIj—GLj l$J 4 _£>.jJJ Jo j)« . )o JI 

ys\yu C.>3jJ I (j ii .t i i4a^.« i^> 11 oLsol j_ 7 -Lc> 4ji4j <i f j (jJui-JI \ q < .*■"> « it 4jj(j_a ^ j , i^rv 3 

.(Ji-lju-aj ^ Li 3 \ £ja (jjiLclJt £jj yxiujj i ' j i ..L i 4aL3j JJL C. JljJvJJ CjLm-l-*J1 

, ,i i^i" 1 1 diii/-i Lltc-Jj jG JJ) i 1 1 i i < i ~i < S~lj 

t i » » t_ijLrtj ^3 tn ~ J I «^La i 343-+J dll j jjjLlII i~m i Jo ^a .i i^it l Sbijj 

* . ' ' 
ijL^GL . JojjLiGaJI oL>ol Lj j a C LLL>. a il j jjGuuJt 

• l (_^| — I jlL j^yjs j) o n j Ji3 j)« . io JI 

^ b ~i + ~ i3j_i_i_uaJI i iLuiJ- jti' Sj. j id I oLi_tj_a»JI (jl I .a 5> 

' * * _ * 

i»L>ol f_y lc Lj y-g-£. 2 1 "j. nj ^_j-£l LxjjsjjJU 4j^tJUI j j rr io i H C-l L_i J j ^ i i i^ i ~ 3 . LuseJjaj 

• 43j_jILa (_ji 4 j" i.u.i.a L^LufcJ La-a iJoj^a.toJl 
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jjuaijcui 


V | 1 ■ J ^ 1 1 | Uii^J | 


I JL*. ^jjj.ija j-4 J . jjic-uaJ I £_i>j_>- < _ ;r 5 Sjjjii j t 4jui3 di 1 j ^ Lc. (J. ^ m i ) 1 t ill 

jJjj JL3 Li£ . J jLtjJ I 4-tLa-C C.LSI i)JL>o ^jjJI t4_Ll. j . a Xl I cli>Lc.LajJt (j-« (jr^ - 

. I j 1 1 iG jl di^Lc.La 3 j| <jjuh (jic. (JjIs jl j-i-& (J ^ < L> frLU ‘*-* J idJI ->ijI 1 


S jL_il 


■ ■■*< i Jj 'V ~ 1 1 4 j 1 a r. ct-L-i \ jjJ^Jl (j^o 4 _iLlJc_a j i-^Li-g- (J-j-ij tUlj 

.Metasomatism jl ^joJI JjLgJI a^uxi\ 

* 

(jlc. j_jjG f-\ oil (j I LS .4 < >. SI Tr j a I j ^(j^»U LiJL>.jJ SjLjJl ^LjJU «Jl>JLjkO JL9j 

i iiLu SjJa (jja — j»Lc, Jv-iuj — t Jj-aiGJI cLul jj V 4-LLj. -1 .4 J I cj L A .^ aJ I 

. I 3 K ..J G 


Jj ~* "> ! I 

: (Jj t" II (jja £-JjjI 4 j^G t < U i ,», 
.(jSL^Liuj Jjj^jj ajla l J jj>o j ^UUI J 

(Contact Metamorphism) ^uui Jj^g 


(Jj-ajixj (_ T lII diljLJIj JjJLe-«JJ JoLiuJj 3jlj^>JI CjLwjJ (jr £ j_lj^ £-La3jl f\C. ^oio 
Jj-J^J j-4>J • J i ^ < 4i 1 1 jj ~r i nil aJ^& jjjjLoj (j^s i^-lj-aJLj jj V i^ltl JlitGjj j_x^juaJl ( yc. 

.jj-uLwJl 4 3 La 1 a ,jil LjJuujI LiK <C.j_ui j 4 j-uG JGj J j -l_-c-a 


^qa>- (jl£^ La K (jj£j j j j i^ll (Jj4»- JjS L u (Jj^tjJI 5JLi j (Jj T~]t diLvjj 

diljjlj jjLj c.1 t._ * i mj Jj-:r-" 11 lj_i> . j i 5t t 4 _]j1j_>. i." >t -^j •'j j j <aII ^ i -. 

(jut . JjL^Jtlj dlljLjJI L^ic.Lx3 ,1 jjLr i.-~il ! 5CaL5 ..-a- 1 i 4 j .SjUJLj>- 

(3j>* cj-^ o' iSjlj_:u>. ,jjL*_>3 jjjjSLj i jj^ a- i. -i ! I Sj^Lio 5jLj i^Jjj Jj-seJJl 

.Joj-LuaJI Sj-LO^ SjLj (Jj-*fcAjl IjL* !<-!_( V 4 jV ^Jj*>- « — ' 1 1 
(Regional Metamorphism) <^1,31 J^o 


i ^ jj-^l ^aJl U. LUJ 4_jJLl doj-J-La j <t_JLc. 3jlj_>- ^!uJ Jj-SO 

Jj-i^L Jl ^ a -L Lt — < v .dll Lj jkJU Ja-tjjj |»ljL^_)| ^cjl— a. ,t<aJI ^IjLLa^al j_ t 3 l_LOj_j ua_>- 

.(^y-afial J j_>o 4 ^-lLi CjJjSo dJjjcILlI 

4jjiil dlL?j-j>Jlj jcjLL-uJI ^IjJa-^a] Qjij (jLi^C.'i/l (jjs dl ^JLJI JaJLLiJI 

.^j-LuaJlj oLlLJL! 
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jj .'d I 


HjjLiaJJ t T i j~ • ! i j j^lx) SjLtl 4 « 3" ^-l I Jaj < iai llj 4 jJIjlJI 3jI^_>JI j_uLj ^TtJb 

. 1 < j 3 ^5 j jj~rjur\ 1 l_a (jjUIl 

(ji Lold 4.^-jj 0 $+i _3 ~^ j • 4jj- T c3. l 1 cjLaxa (Foliation) 

4 

4. ja 1 4i ‘i 5j_JL*a3 4 jIj^1j 4 Laj^Jij 4jjl^JLa dj L^a-ui-a ^3 j_?=a>Jl < ■■ 3~ 3 Lj-C. <j^Sj 

4_J jl djljjJLou_a Lt-Lj-uj 3j_4_t£ 4 3 j 4 j dilj^JL) i— 4 -»- i" > j^3 (jl Lalj i(SItltc) 

.(gneis) ^jjujLUI (Ji-o 4.ai " < 3 eao (jjL*aa (ja« cj! a ± ii ! djl« iLu 4 j*j3j (j^£4 jl (Phyllite) 

(Dynamic metamorphism) ct SL^LLjj Jj^>o 

In i ii (jai <_i ^_3J L> T- f I 1 jpa £-^3) I I JU6 (jj)^i 4 ) . £"j JL JaaJ 1 dj id 1 1-\ i j *»■ i cjJJ Jij? ^ ^ i ■ ■ ) J 
4 ,ij j^a 4oj * i n i’im c-^a i i -.-4 1 1 djldULaJ jl jJLal (_ 7 -ic. -»- » 1 1 Jj - > i,. j |<i iU-w i 4_~^_ iTu ^CajVI 

. 4 I >4 3 -a- t a 3j l^_>. Cj Lw J J j 

* * 

daaljji-iai ^ a.4 , 44 ~) ljjie_La3 LjjSLa 3 ^_l X II V mil jl_Lcaj ^^liL | j_f) < v~ ) (_£ jJI Jjj -* - .. 1 1 

3 jLc.| 4 -tt-j.il.i 4^-j.v mil jjjJLal cJJ j_^ ujfi~2 i>j-!l -i Li-^ J 1 ^ -»- ~t i La_£ <(Mylonite) 

* t 

jjjis (jj® £jjJl l jus .(Fault breccia) c-j , im La^iu^j LjjSLa 4 , .. 1 j^JLj 

* ^ 

4, ,u n‘i t±.4-L- -v - (jLa_C. (jjj£i Lua^-uoj- — 4jj_C. jljCLal ^Lailil ^^2 

.3 j-±£ ^L^-j-!i? ^ lr"i ~r~~ tJT IjJI 3.1 1 1-nll 4ojljaaaJI CjLjljLIII I 

* 

^ 43jI^_>J! JalJJJJ 4 \ j i £ ijJ I 3j._l.SJ I ^-J .V i 4~»1 1 jljJLal {jylig. 

^ 1 -~. l at!? . . i ' 1 '< 1 1 js | i'. 4.4i Ailt 4 1 4 a t La j»LLx>JI j-4 jj&uB 1 4_La i.L I jj I i~i 1 1 3jic.i 4a La c. 

^3 t- — i \ 3 i ,.j 3 1 1 4~il g. jLi ^^caai ^11 CjJt ^1 i (j J j L 1 1 ^yjl 4 .j « .~. , 1 4 s"<j djl jl-i 4^_>- jljJLal 


( 1 4 ~ 14 (JSLdi) j l ' s \ ^.Vl ^j^JJI _jj >**< jlaLj^l 1 < 4 L&jj) 1 4 1 3jLc.|j 4 Sift III 

. 4 * 3 il I (j-4 i sj 3 ! L> ' La 1 ■ -■ 1 1 (jjic l 4i iL's-'la 



• uUluJ I 4j^JJ t ^44l> I ^4)Ua> 4^4.411 4 Id lLljLiLiI ( 14 “ 14 ) J^W 
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d-^-u 3 jV! ifi ^ 1 


4 J " 1 j 1 1 

# * 

£jj ^>-a-3 .(Jjrtlll (JjsI^C, t^VI -a C-j ~~ ' IjJiaj * I JL>. 4X. j) I I a jj- >- . uaJ l 

* , 

I » u i5Jj.T_~ t U j j._-r i -Mi t j_a £j^j| 3 -L-c. <jl <j*Vf jjJc_i-o t j^a 

~^ -a Cj^kj «CjLj j»Lx- 1 .T 1 J 4 .i ll •». 1 1 ijjLiJL! jjV Lilljj 1 4 .i il ->Jl 1 L^JLa(^c.j (J_j_rcaJ| 

’. ^ . ■. a* ^Le. (J^LiIu . J til j ..ir~t~t j 4_LiJua 

.(14-4 Jj JL>.) - 1 

.( 14-5 Jj JL>-) j-££- -2 


J jrr-u-i 1 1 aJui Cj\-C.jy±sz-a j jj a 1 £>5La_j l_afT . 4^-j.l t_a>.»-->. 

. d .-i l~ 1 I , I a-vl! I ^ d~ \ ii! I a y|‘il . . 1 U ,*( J 


|H.L,'l .TJj 


jyxn. f-JI : ( 14 - 4 ) Jjjlv 
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y 1 > J^iJI 


• I jje Jt-uaJ I I ju] (14-5)j,^ 


^OlluJI 

3^-tl 

UjclIII jjclacJI 

j»Vt jjiwaJI 

cj Uj.i -l 1 1 3*‘ i ~ > ij-N 

4<.l.\-.lt 



<llaj \ 

■uJ^jIjS 

Cl l 1LL-L.il 3‘‘‘-^ (jJ| 

;<,!.*■ -it 

cwLJlS 



■JJllii 

(\y ts^ (O® J»Ujl_i l -l 

“->11 3* 



£j\ i tri '1 J 



cJjU 

CjLlll^JI jniA 





t 

«{_ r Ajisl Jjoo d ~ r _~ i i [j ^CT oj 4 IjLIIjI dj j x> 1 1 jj t mil _yo£l 

(Slate) c^jl- 

• ^ju»1j 3j>^ i-$|j 3' u UU (jjjj V CjI ij i->JI d „~ jfl J jsit AdO L^jl 

. £c-ll j ^s l U n_£ jLoj i M ‘ "1 4-C. _a-i 1 o L^jI jJIj d .i j" 1 ? d.i l i o 

(jjl *-U ^lil . c _) 1i j- J cJua Jj_>o (^Jl j_p 3 j — *3 (_£jJI jJjJoJl 30 J ^1 c. t _\ *% Uu CjoJ - qJ I 

* 

3^-d-J Lre-Unlj u 3 ij 03 Jyi.Ln.il I . i'.-iIjjK 1 |j Cola j^-lilLI j jjjlj£J1 j-S C .< jl i »1 1 (_3i aj il il l 

* 

* i3 J 1 £-o Ld^ 1 jlo O 3^d ^ ' 

(Phyllite) 

jjJLj 3jLcj t_n_<-uJ i-iJl CjI _m I -►. 3 -d j-l^I Ljll I jj -v (J^J .CjL _ 1 . 1 .->J I d-d._L.aj jjcc-lo 

u-.jli ,ill Jajjj 3-0 • L^jjU-o (j-oaj 

(Schist) 


3-0 . jl J) *i o (J^ ■" l CjIjjLlII djub <—:■ J L-CJj 1 V J 11 «J 1 3_y J d.d.. 7f — 1 1 3 i «n L^jljjU 

33 n-N' LjjLj _ ySL* 3 -o j - 1 1 11 ~i j Co IjjAjyj l1jj13_jSLluoj d-jcuL-L-uaJI djjjJLJI L^jLjjSLa 

* 

. 1 A j. if-. j jl i . ... il3ll 3>s . JUjLjj_J-Si J CjjU_j.aJj.LuJ CjJjUkj 

d_aJLxLo (_y3 3 J jo-j Q ^ A J id_uJjVl 3 . ' r. 1 3 ’ 1 jj) > i^n j»JuSl t~i i nj i^i *— o\ m o I_ i i » J Cj_ijL>- 

. 3j-=-t (jklLaj (^jlj - d3_yj j->i 
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. (Gneiss) 

is-i t 4jjl yLa 4-ap>-i 4 A I". ■> . t ! (jjLoJLt t- ._np 4 u>e_iZl) n— » 1 j j i ~> J I 4- Uu^ . 

. f I i j . n tLtla-u oLjuLjj £ya l lOl ^. ~ lo T u.<.u 4- t .j JcL .j ^Jl 

•Va (_j^l Jill j a ^ 4_al <>»N1 i j' ' 4 _ ij J .. « 1 1 (JjjjLUI i2jlj_jiCa jcAl <j-4 

(jjLi>sj Jj < A jVI ISLjUI (JiLa 4-u-^-^ i Ldj J_jO->Jl (jjLoa 

c^-ul^->JI ,j_« >~ ‘i •Ij^l dl j -»- ~ 1 1 ^j_se_uaJI j 1 "' i^yi (j-ujLlIl 

. 4_i[ayll j jjr i^aJ I £ y*J t — 

• 4 jyC. J I j 4 iiaJjaj 4 _lIL*J t 4 ? L-> i a < a Lit I yySe-us 

i<MI 

(Metaconglomerate) iLt^jj^o^siiy. 

Sj(y_>JI JIuhj i ■ -w ll i~. ■> ■ I t*~i j -nj I ,Jj_>o 4_Se_i_jJ CjU_j£u 


. Iju^s. LaUtHJI i^-i « j £_a 4.< ur Ji l -aj 4ja- 1-iLiaj SJlLu^j 4-JL*Jl ulajjLuaJlj 

(Quartzite) 

|_5_j->uJ ^1 (j C a j j ^[ya ^ f II yj J £j u 4 <_iL5j yy hr. „ i. ^ > (j-a ~r ~~ 

. ojLt^Jj ISjULI (j^a 4 jJ 1 .tTlo 

* 

LxlLA j J bi" . ^jAjujJI i.jj i^-> « 1 £_a 4 £Lj t ."■ " >i j 4 t< a j y~K_iS\ 1 1 0_L& i~ 1 1 ■ i ■ -w . 

* * 

. ^ i L ll U jtjualj yi I ^ 3 i ) LiLyvl i(j I ^pt 5La ii^uLscIU 

y y , ‘y . t ^x l I 4 _jJL*JI 4_LLa_La y£y i a ^ 11 JyS L a yysr.is*) CJu (yjj I y& JL>-j-j 

(Janubi Metamorphic Rocks) 

(Marble) i 

OjL«_pjjJlj OjI i ■ l£fc,.l 1 jj^s i “J^iJ (j 3^~‘~ 4-^ji^J-a j 1 c - d_! y *-~ * y y •*■ ■ ^ A 

. 4 . iy i£ jjie-uaJI Jj-Sej La^a ((jAjlJI L ^ t J <i^-jl in J A ^ t 1 Hi'O v> Jh j , 

La c <«■> •> - j tljjixi*. j! fiLSjj j! 4 j jLaj jl L>J^ U* O^hJJ 

• 1 j-*-" o ^ 9 

Jut l .l J l 4jp 4 AV*r -T- n /jl jJ '_) A {jV- n -C. 4 ^ U i a f^jSi oJj^l <_r^ 
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j uiC 


(Hornfels) 

. ja^-uaJI QJ ‘ j"> (jLLaj (^UlJl JjjkJ 4-Jr ixi Qj^"m . 4j1a*3 ‘LiaSj jjj uj 

• CjJjLJl_J jJjiLaJI (JiLa jj •» i*~\W 0-* (_£t 0-4 Qj'n n O' (^SL<u 

.^J1 t4 l Vj .a. i .iJ) (j^LajS 3jjjlrc-a (jjlaljja (03 (jJj^ ‘- r )J-i->- tjr ^ 

. 4_j_l j ■ ■ j 1 1 j j A. n* t [ i I 

4_5t_uJ C-LJ jSj 4.5 i d\ a", .a j-aC- <lAlo Cj\ i j i ->» 4 ->- ^ ~ . QjCTi 1 iQjjJl 

jl i4_i_>JI CjLuLSUI i— 2 1 -Lua 1 j (J^LlAj LjLajj I 3 il ... 3_lj_>^ya LIajL 5 jjJt-t- cs 4_Jj--*4J 4 jj->j 

.CjLJLlLs 5jLc ja£ljjj O' 0 ja^5 i <ij3 

* 

J Q Wj ^iU jS j^SLd L$j5J ' * 1 ; • 1 ' j j ' l djub jjo<j 4jf.i j..i ULc Q j-53~i 4 j i j i jJ I jj, v t ,-i_! I j 

* 

i_-u_4y^j 0-*“ gjljjl (_£j_y>JI j^5c_»J1_5 i4_lL^3 jj >^*s Li-olj i_ <_i x-uj-jJI (Jj-a 

LiLoj 4jc_uj 01 Q ^ - 4 J jl 4 _liLj>.j_LI i iL*_iiJI jf u-JL^tlaJI 4_ l x.--*ljj 

.lUiLjLu LjLoj O^ 3 l£jJI I ^a-Se-oJl5 oIjLuj CjLilj-i^. 

4_jjLj 3_ya 1 j iaj «~ O^- cr^li '■■d .‘ j ' “J^ -Juu t -y «tjj-ll ( _ r ic. J-ijj (jr^^ CjLjLa_«Jl a~^ 

.(Diagenesis) 4jjjy>J] dii jlr.r 1 g_i <^,0 4_>jj J-uaj "s? J-alj-*J 

t tt 

(4_Libj^?l 5j. . n 3.11 O-" 5 %7.9 i 1 j. j » i ■'"> la3->- Oi^ 3 j j ~>- <a !I o' 

jbt_Jl O' * ' 4 jaJajL^a ^ t-N i . . .i Ijlj. ! I j . 4 -i-u-jLiJ| 4-LjI y a iliL^i a i ni (_ylaJU L^j) 

. cjLLupJLIj 

r. -> ." iSJUJLC. CjLaL> (j-lii 0jju£ 4j.iLi<aj_3l 4_i a ih t 4_ajjjyyl! r g-c /~>li 

. J CIjLLuu^JlJI J l)"^ 0 ' 

. 4 i i | ^ j) T I y > I in l^y? I 05^-» 

^aj oUUjli Uju /4 A 1~ -LI I Sjj ^ c-Jl (J^sIjju ^cJta^uJ 1 (_yic- j o ~x- i ^i l jjLIxj 

jjie-uaJlj i.,n .iljjJl Oi?^-* j-alajlJI 

,c_ il~*C H tjui ^ OLUJI 4JLA Q.li.^- 1 3“ I (_ r C-l J 

4 j ij . . j t I jj ^ I t ^JLjdt l_<-i£jjJI 

^ '<* 3jlJ-->. J— a C^jLS JJ_jr i^-> 0-4 u i n yj (JSLiiJ 0_^44 4_iJJ_uu jJI JJ. j c- i a - >Jlj 1 .< i J jjJI 
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4 1 ujjVI 5 J 

j 1 <t_jajLflJU jjjLxiLa I Lk^-iG ^ t . L-i «. a j I 

4-ijj_«^JI jjj c - io II (jli liUjJ .(—ijjjIjjJI oJJb j£jSa jjJc- 'ol l ajuuj£ > < m ij 

* * 

: JliLi^SLa J-Jji ^y 0 

(Calcite) c*jLJKJI - 2 (Quartz) - 1 

.(Rock fragments) ijy^=> -4 (Clay) -3 

4U_i I 1 n-Luj 

< GSL..l d {_yl-C. dl <0 (j'iJ 4_UJ_tU^Jl ‘ ‘ ’ (_y3 d-J-O-A 1 ^_I.I nil) 

. 4 .. ; * J t ..IJM-I I 

> 

-lljJU (J-2-u i Sj > • t _ J? — 1 1->> J| mill jyi 4_u^_ uj^JI jj) > i 1 1 4_a-..,i..,ui 

(jr^ ;?L4I (j-« >■ j i n illj i<Lj1j-i 3 Cjl_j-J_u>. (J.^ ui ^ 1r_ 

.(_pa_«_jJI d-Lli iiiUjj ( „ i_uji_pJI Julj j tt i~ iojjlxjuo CjIjJ-L (JSLi 

4j -> yjjJ I jy^uaJ I t..j j < i^i~i 


: (jrClc.^jjjcj3 (jJI Lgj^So i— jjjcj-aJl < si' i 

(Clastic sedimentary rocks) 5 -uj^j ~\ 

(Non - clastic sedimentary rocks) aj*1U-w v ajjj-u-j jy*^=> ~2 
.(Chemical sedimentary rocks) £ -? 
(Organic sedimentary rocks) Aj^ac -<_j 


4 _yjLLx>J I 4 _i _) 1 J j ^ t (j Ijj 1 ( 

* 

^ - J ' ‘ LSjLu j y- '-4> d lin l (_yj J jl> 3 jl ^jJk. jua .j j’CTi 

Lr-*J (JT^ 4^1 U-nH I ju£ ,JJL> qKt £ AjjjcGJI J^al j-C. 

j 

.(14-6 Jj-i-s-) . L^Ltxp- <yy. I. H .I4. -W A-l«LLx>JI jj V . , ... | j^J| ■ 

>— jkiiJl IjlA A-l 4 LLij>JI A-ij^jjj^JI jy ‘ 1 1 ‘*~- ' 1 **• " I ' 


259 



jjZtCi jjljJI J. rtAl l 


. l^jl n i-k <— ■■■■** -'> » 4-uj-i^JI j^ir trf-ill c Jij u<Vi (14 ” 6) (JjJjj. 


|U4il 


,_r= >y - r > j 

(Conglomerate) 

(Breccia) 


(Quartzitic sandstone) 

(SjjZJ >=-=■> 
(Arkose) 
(Graywake) 


(tr 1 ^) >?-=“• 

(Siltstone) 


(Shale) JiU 

< u Jo j ■ a ■ a 


jUJil 




^ ii n‘i 11 


. fc • 

*V- w Li.it 

• 1 ^ (_jl jja _il >VI ajL. ol ill-1. 


■ ,ja <LL L. ,>ij jljS 

ixuijL) 

.^,»“Ol» %20 (j^> jjSIj ja jljS 


, l/JU AjrX <L 1-aSj J 1 1 , ) 1 Qj a v-fc 

9 1 

f~a Z- 

^ r 16 


(cJa^) ^jL 

(Silt) 


(Clay) yds 



<uida jjjlj-aj 


LliL ^jjU-oj J2I Ija. 

r ik^ 


4 x al In ^ .^Ui 

. 4jJ <AC jlj-4 jt jl i ,ijh ‘t-St-U-1 JjV lalll 0JL& (j ^CTl 

. 4jj)L-iC. jjJej-aj 4_L 1 j a-ifT jjpe^a L^jGj£lo i 1 1 n*>- jj (JSLi-i t rtiu-wj 

4-0 1 4 <±.S T 1 4aJ l I 

4j»_uj j\ J r ullSLll (Ji-a La 3 jLa_J I ■ j ~ " ) ^LJLtas (...t.uu^3u 

(JJLe-a £wa ( ; t.,i.u^jj Ju 9 ^^441 Lv-_lL liJL^ IjL -V-ij 4 _ul j jl^a t _ ;r ic- 4 -Lut-a jl^-a 

jj t i^ll 1. 1 1 uj-1 uj . 3 jllj) i st jj 1 ,j l.a JJLtja ij^SLa 4 * i jjh a j j £ 

(J <i i ~>vil Jla CjIj„> i~H (j i *q->. 4 jc_ljj 4 lflljdt CjLLuJI 4 -jjlj a^Cil a_u j • f I 

. 4_al3L>dl ^}La^l_j 

<J ^ ■ -i * ' 1 I 

» 

JlLLj (jLjJLI (_y3 jj“ -t »" 4 _lj>JI CliLulSLlI . <^1 J aj^jJ LJU. (jjijj 

l^ljLusl Lfri a j jl^il Li^ji: jl tC^LLuu^flJl jl KjLiiilt jl (jyjUl l ^Lij ^- a 

* « 

3J jSLa L^KLuij 1 j al, i 4_i_r>Jl diLLLLJI o j_£> Cjjau La J. j g. , 

dilj-JjtjJlj l~i! « 3 ~ , ,. 1 1 CjLjLUI LLnj LaS^ .^Jl i4_dl a. i >i3 jl 4 _L K_ i L i ii _j1 4 j^x>. 

• 4jji id*. jj A.i,<o 
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4 I {jjj ! l <, 1 ^ *vj "1 1 1 


; d i3 < ^-L>Q l Uv V d_i i ^ 1 ^.J | ~*- r ^ <ZjLd-U^ ^JaJU ^yJj 1 fl J.3 

Cr^J' JISUI CjLj ^J^ (j^jSjJ l Ijl A Till 4.j _ai L-wjl Tl 4.J \ t ) tiijJI ~r .4 ^ )1 ^J-£l L^-*) 

4 4 

(j-a^-»£l CjLuaS JiiLu (jl jl 1 4_>JLll ji 3^.1 >J I jLJ.1 cjULu tjr 3 ijif . jl LuLj _«_ j ^ < ^ < n j-H-i 

(_£^_je_u3 CjLj^j 4 3 I j LI I JljJL _>J1 Jj , i.iliTlj ^jjl^SJlj ** jljlnll (jjL*Jll (j^-ij . Lg-La %50 

* 

. %50 J-uaj JiJ (^jJI i(jr 5LJI <-j->Jl (j->L*^aj 

jjj^_uaJ| . 4-^^a CjLiuij l^je_ucuJJ . < i,n>- 4 j ^- lj>JI j^ic-uaJI i .1 < j ^ i ~ 

LjJojlj ijllLaVl CjLIa Jx-aj LgjL^Lftjxi oLLlL jqJIxJI (jl jdj {jA j\i (ji 4_) j _ j_>J I 

.(jJj^/1 ^- Lujj (jjJ %60 jjJljJV 

: 4 , | j 1, 1 4 jj i>.« Hj 4-ulj 4j^-i->Jl jj > ■ 1 1 jj^aju Uj 3 

(Micrite) ujLxx>ji 

4 

( j i ~ "» > La ^- J J 4 ' i — ti- w> j iCijLjJISJI jjxs 1—JLc. Zj j i ,ia CjljjJb f\A jj V m II 4JLA jjjijj 

< - * < <i < tl I f"r ) • l _~*~_-Q ^^au^La 'UJ $ 4 1 1 1 i i *1^ ^ i ‘ ■■ * I ^ t n — i 1 1 1 (lt>j 

• Jj-“l (jJ] (^jLaj (j^aj j-a4>.lj j-flj-ol jjJl (jia-Lll (j-4 ^jjiLa 34^ (jjJI i— tjlj-iiJI 

3 j i ^ll a j^ic_LtfJI 0 JLA . 4 1 -r i r> J 4j jLi 4- j^I J ijLoa ^ *. .. ^pj 

^ar_>. ^In f>j 4 Jj<jj .(^jlfcJI ^yXjiLb^SlJI (\>i (jJ$£j (j^ Lx^aj i^i S^ jlSLi (jJjVI 

. tLuJU Lj_u3J.il 

(Sparite) 3j > jl ^ 4j ^ 

4 

i 4 - ‘ „ .i J_ « J I jl 3jj_>J.I (jijJLj (_J_p (jl (j ^xj 1 1 j I ini Oj j i *Cj d£Lil CjIjjJj ■j j) < C"~ 

CjLal-. m .a JjJL^U 4^ d jf j- H 3 Jl i ^ JI CjIjjJLJI jj^SuJ - lIiIM -»•" - ■■ a ~ -«■ i La I^_ lj£j 

. <_jjjji^jj I Julj JJ ^xaJ I 

(Fossiiiferours or skeletal Limstone) j \ a .^. t^- -r. f 

o- 4 CiLjjL3_ajUI Lu3j_uaJw 4_j_>JI cjLjLSJI J^ Lxa ^ y > u j.*ij JSLIj (jjijj 

oL ; i nl l^JI SjLaJ - Uj - ~ v - (JSLjiJ (jjiXjJI LqiJ^i 4-fl -»■ ~l ^ jC l i jt l n *1 h . . I .r j jjl_>»^_aj 

* ( 17 - 4 ( JSjIi ) 4 jJjj 3 jjjt-ua 2j_jSLa 3 JLo- dL>U.| ^_3l .Lua'i/lj JC I i jl l i .Uiv * 3 .“‘/.... I 3jLaS 

* CjLjjL 3^ jUI jLlu T u*^ 4_aj jLa djjjJI dL*jja 4 j^|j (jLxa ^4 jjitx<aJ| (}IlA -j j^** 
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£jl_pt J . .1 1 1 


(Coquina) 

1 <4--L_>J I CjLuLSJI i— a I J . , iS\ I i-stjL-ual jjyi yij i~i 1 j^Jx—juo j^Jii 

( * 

. JjiiJI SjjLLoj 3jjjCu_»i>a ^Lc. JSLiuj J. j ~v- jjJa dilj (j j5v"i La lj_u£ 

4_uaL-u^« dilj LiL^_jSL51 jjls I jJ « Jl i ^ ^ » j ^_a > 3_i> i>> (JSLiu a 3 a .jjl* 

a L. , ..1 j) j uaI j l-,^ 1 id_JLc 4_aLL> olj 4_l_u L^jJ . <_JLc 

. SjjiCJl . La 34 ," i. 1 j (5j_i.il i.-) H Cj1..i.ii->JI (Jiiu 1 (CjljLpJi 

. 4_JL*JI 5 L I t-. \ I (JLjlj 4.1_-r.; Li II 4_Jj_re_dlj d_uioLiJ! OllcJI LL^jSJI i_< ■ hj33 

(Chalk) 

^L3KJI (_3)-Li^> | j-a LJLL j jS-~ i tC-iLij i ->JI A 3j 4 \ . 4-x-al i all 4_JLt 4 jjj->. jj •* i^~) 

. j 3 .^.a jjiajji ^jojji L^jjJj i(Foraminifera) oLjjse_ill Lua j .i^ a . ~ >. 4 JLl3jJI 4_^>Jt 

jjjSjj j_s$ 1I (j-Ll-cxJl (jijJxIl (_^Ljjj£LIl ^ Lpj’in lt 2 

. L&j ._! r j 3 1 \1 ...II 

(Travertine) 

K 

j 3jL>JI u-> L (j^jjLlJl LJLc. 4-jj j -w CjI i .i. k jj 

t 

jjj’i/l (_y3 Sjjoii (jfiLal Ur 2 Lr 6 ‘3 I4I . L$JjL>e_fl jIjILal 

. L&j_i-C.J l_Sj>- J j JL-m jjt jjJJ (14- 15 (JSLli) j^C.La tl-Sjjj 5Lc. Jjj 4 -3 L a i a (Jl. a 
Oj_i_C.j (jJjVl Lujj ' ii^j (jLi-J (_y3 L3xjl>. i—3^5 Jlo 3j_u£ LiJ-^-i Lijl La£ 

. 4»«->J I 4 3t-vi a i-fj jjjjJI ^^-4 4_t3j_«iJI I— si (1 . M l 


l£:-k 


»vjt« 


p 

SK»J 






03-Jj— ®I h (J4 - 15) Ji-i 

« L3j} j_xjU-j J j_>* LJL>. Cj ^j 
^1-L Z-*\ tflcj &Lc\-* 
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: [j I j i 11 _j 4.J w.lill jjptAtaJlj jjalatxJI 4-uL j i Oj^ il j j) > < <~> II 

(Gypsum) ,^>01 


LjJLc. i 4->JLU aL4l diljJtAAt JJ) »■ fljus n i l l^JI CiLb^-i^ j_jie_u3 

.(^jLaj jl jl jAlAtxo (jia-ijt jl ((jiiJjl L$j_jJ 

. 4 - iiLx 4 l l‘~,l <_JjL>. jr Lit (_y 3 j Sjj) l/V »4 4 j_U (_y 3 4 _ U ill > J I j jt i « ->1 1 t,-, jaj 

(14 - 16 (J£-i) (jjS l-.lj. ^Hl frUSjjJl (Jj 4 1 A 1 ^* 4 A 

1/ -v. j^il |_£jlj L*-* 

. ^yC. Ll_P 1 J l4ltl I (jjO (j LaJJ I 



i^jij . ..« ■> < Ait »tijijJi <^-upji j-uAt ijiisisi (A-tfJi j-* *i<u*io (14 - 16) j sli. 

(Rock salt) i 

j) 4 In i n jJLa <4 ? A l £)j£-> ijl 1-4 (_tA 5 (NflCl) Coj^L^J I ,jAi 0JL& 

.^■J-iauJI 

.l i ..‘ l L$i l ^A 4_ulj-i L^j(jaxJ t ii ii v {jl^lU 4jjJLa j| ftUta_u ji (jjjLi (_yAj 

. (VvLJIj JuJl>JI 

* < — 4 ‘■‘-•j i _ r Jj i_iLx jr |_La t _ T 3_a Sj j fr A^-i t- < i 4_l_u ^y3 4_>Jl_t gL_i a ^ ti- ." d i- j ~'i 

LajJjj ^ylJl j^it_uaJl fJ-C. .Ja j .t i >J | Q>] ilij rr~i.ll <1^ m 4 i.rr .1.1 1 

oli-6>j .(jLtJJl 4_i_C< 4 j 3 j iOL*_djj^aj Lla- 3 4-jj)Ca 1 j 4 a ■ .■ ‘< 1 l , i , 
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(-jlj-Lal d^jJI {J £ £-111 >CT jXJJt j-Ldull Coup 4-yelil jjJ txxaJ l 

• j V i “ 1 1 4 j e- _u J C-jJLI j,r» Jl 

^JU.1 tLU jJ z- i i j <*m~v 4_SlajjJ £ya i (jJjVt j_y3 tl^ll £ 1 a 

. . ~ ■ 1 1 1 ^ yx jJ I dlxd £ya V" i h ) 4 jI La£^ i ^a-ScJ 0 lH)L>.^L >3 ^y 3 £ t-» . .. ti 

(Chert) 

* 

j-i _i^ 0 . ~S J t — 1 I jl . I JUv 4 .1 A J) i 4 _lLi <d ylCjL . ,. jjJ^juo <jy A 

. ^jintl I 4 _payv I 4 ._uu..l~>. L$j I ^y-yj 

L-U I ^_jj I Ln.il'> . Jy-LU I J _yl3aLV. (j J-*-*" !_J j^-Ll 1 ^ U" 0 L A ‘ K - > tJ ^ ^ I _J~T—~* W Cj ^ ^ 

* 

. 4_tii 2 Jjj>. jll 

f 

(ji (j>SL<w_3 >CjLj yay£J I (Jde-o KjK i nU (JjCvl 4d*-Ljj LjJLc. 4-jjt^j^JI jj jmaJl 

• iCliiii <_j iSLlu If. LZ t l. m > yJ JL^ dj^/ L>J 1 j]ya l i 4 . 

* 

(_y3 Liljj) <^> >■ i^jlajl (J yjLjj^SL!l (_y3 j j & (JSLloJ 4—Ljljy^nJI jj ~r i^]l (jJjVl 

. 4-i_yLv ^1 (jJj'j’t (JLa-ii (jLa 5 « iiiLli (^La l_La ^ Ujl> ^jJI (jLui 

* 

^aJe_dJI _yAj 4jy_t>. j_yJI 4jj) <3 i «Jl 4_i_dLLi^-^UI jj -r i^-ill £-)jj 1 <jya Ct js LlA jSlxjj 

; 43 l a A V 

(Coal) ^y>^KJ) ^k>wjJI 

( l ~<j"». 3 J-luM-4 j_xC. 4x_u (_yj oLJlyJI LiULjJ j|ya 5j J d>Lya£ (^!P 4 t- j~ i 

* 

diL>.jj^ Jai lAJI 3aL3^ £-° (peat diJ»Jl) 4 _j1 j_J1 ^st 4 j^SLo L_»_3 <ljj jlj (Jin_3<j 

* 

4_x.,4ix’) LjlsejjJj idjljLjjJI 1^1-^ (jr^ OljLiJlj flJLl 4 i, i n*l (J^ 

^.Lyaj^,..'; n ii>«. {<vdt_3 ^Jt jqj (Brown Coal ji Liginte) ^yi-i <±xiJl 

'Sj . T ,,r> ~ {' 5 - :c — 2 ct^« ^ ‘ r d xJl 4_>.jj jLjjjl (14 - 17 jJSLlu) (Bituminous coal) 

.(Anthracite) ojLxI^I <_Ax^ 



u^tnuiTl i Xy i I A-lmJlc. -*^1 jj- 4 - 

.jU^ - j-^>- j- 4 uj-aJU «.12jJJI i£jtj 
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C'i ~ . u (14 - 17) jiw 




4 1 iO jV I * a,»1 \ I 1 1 I 




\_ ^ ^ ^ 1 1 (2)-^ LaL^ U ^j5>^ « OJ.-a ii.^1.1 1 l^->» 4jj\j-Jl J^t-l^JI 

1 J *r L uu Lyic- jl » 4 _j_)^j^ 1 j jt d_iilr-i l i 4 j jlj jj_it_t ^3 ^ a i .n. ~ J (j i~ i ~> » L^- ^ - J ' “ * U.$^i 9 ‘O'* 
4JLtu ijjLUl jj -»- ■ ' 1 d -»- . ..'i t .4 _juL 5 ^j ijjlj jj) •> i^~> ^ o i n~i j L o-* - j-fa u -> 

(jjLS^j Ls>-^J _HJ <Cj! i j i > JI (3 j-3jj a -» J1 (j-i LJL Lr ^j 

. . U- 1 j > . (_5^ej (jj^La (j^jSLj (jl La] J-Aj iCjljLLj tLaj 3 ^ £ i ^ i a Cj Lv jljm (j-a j j^j i ^l l (jj )fa > 

. ^3-uI V (jjj^ i aJ Li (^-Ic. (_j-I L i » $ I ^_^- _ >-mJ ^^U^iJJJ-a j 

— jCj-ijI^>JI : 1 ig g.a I Cj^LjLc. 3JL£. t _ J J] l.j-'y J.1-UJ J L^-J-^J-J l-i..i. » i- -> . 4jjLiJl jjd x- . j^o JI i . naj j 
Ijl mi " il Li> jhS ij /t~. il~ j .tlj < t ~,i jl .I! — L>J I j iG il j juVl — ojIjjjI jlIIj ic^jVjj^JI 

.tlJjljJlj 1~|J jl^jvJ I 

^_ulj 4 , T c -ul : dj j ■> " a j) 4 jjLj jl 4 _jj_jj-uj jj >■ ua ^_a (j^SLu SJj^c- T i- l l 

jl / j 1 1 1 ii i j-f i3 (JjLI.1 3j_jjv^jq (J-JLtaj <d_JL*J1 3jljd>Jl doj « i>ill 

iOj-ij£ (3 La_c. 1 (j, ajlflj (j-a 4 j^Lj tiU-Laj .(jjJjJ.1 

j — uG 4 **• j~i_i ijj& J aLijJ (Jj_aoj idU^i -y a j j*»t ~ 4 _a- j~ ) (jj^’ij j^^-i-uLaJ 

j ^V ig-y, ji ii i «_ 1 1 ii i> 5 tj - >~ 1 1 JJ -► ^. , , i ,t i J . ^-jju^xjl jl- C Lal ^ lr (^LaJI iiaj> ilaJI 

t(j-ujLlJlj t~i in j i.LJIj O-J^L uaJlj t~i j 1 1 iJl jJiLa ^..a jl*?] Jj—so 4-je-i-Tu LjJLi. (jj^rp 4-^jjt ." a 

• j»L>. _plj ^ lj ii ij^Jl^ 4 jl~i^ jl 3 , ..'i l t-~ n i^j^ILa ^_lC. jjie_ai3j 

ja_al^j 1 4 oj in ill! (jjj %7.9 a d ' ij . .y 1 1 Lai 

j j i -~»l l c a i i ^i~ J . J_iL>JI ^L^Jl tULI 4l-> i nl^-i J2-DI 4 -jjj— i-u^J I *»- ts * t lj i , ■ H 

ja-*l * WjI j j j *v 4-j^at LjkJ I i n -dial L-w Vj d_j-aUm» ^Jl d ■ i j . ..j II 

4^-ai U-w ^Ul jj .4 jnlnl l i^llj < 4_i l a^J I ^ ^j^~i ji^a^J I ? 1^1 4_oLiJl j^ic-uaJI 

4-j-il j) 4 j^_j_^J| (JdJL^t-a (Vo i_j*u^_ju 4-ui j a j£J I - dj ^ Vf j d j M j ^ j_C 

(J il J *>J wJ i : 1 1 $ 

• *> J j-^ j <(ja 3Ul lj ijrLUl (3^-^UI 
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£_l1 jjl 


ijjjLaJJ A I * ml 
SajjLUI j jjy <^ll ujLj^-a La -1 
. I 4 JIL 0 I jia j!j iAjjLlJI jjitjuaJI A - y . .l'i I ^i."<-V ^ 1 , 1,11 iJl <_£5jX. -2 

, 4_ijLl! I jjjt 1 / 11 / ^ja j -a «~ ■ ■' 1 I j— i-i 1 « 1 1 “3 

I jf j£jl ^cj t^Lc. ittJ L^jLLtrt iSjjLiJI jj-jr >rtJI jj^a CjMjLc. aLa-i^l j^jf "4 

SjjJ^a j^ie-uaJI C<jl£ La 
. L$jlj_oGj jJ-al ^-Laj La -5 

a Al~ ■>- I 1 jrJjjl "6 

(jjj ‘LljjcHa jj. - fc.i rt JA-jj ij-* “7 

SliUj ij jjVI (jla L^LysLuj 5J j ->-~i a jjjtirt jjjJjjj (ji ^jjj ijjl _ 8 

S5Jj^fc!lll jjjJcjuaJI *> a i /uxi > aj£ ~9 

jj^txrtJ 1 (jj^~ > t—ioff “10 
^ LLj j illj (j^a-LirtjJl (j\j (jjjjill Laj j^LuaJI J j < .1 fl.1 I La -1 1 

S jJjVI L7 -Z J^-jJ JjS>J 5<j J&u i-iu5 SjL3j£l joJI La -12 
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AjjoJtj ( Ij i jr LU.I 


< j-LUl 


4^a JLioi 


• Lj-I i » a 4. „l» .. > o jjl 4_ i_ua j ^ I 3^531 (_yl£. 4-tj>.jl_i3l 

. 4-i>> ,i>HI j^LaVI (jJI 4 1 .i*)jJL I ^£La^M <joa 4oi JLjJl I -J l_jJl 1 J jj4e-uaJ l (Joi-U (^^43 

. 4 _uo jVI 4jjjLyJlj 4jnu tall 4 A LU 1 1 ^jojLuI JSLJuJ (_3-4 <?J-i> 4_iJwjLjJl 

£Ullj 

l_j i ii o Mill ^1 « ilrVI^ 3jl^->Jl tiu_> 4_iL-j>vil 4 jj— >J I ^uJiLaJI 

di LiLuJ I^J jJt l^_LJ | /> i A ^ a . . i~ . (jj J J^c_a jjLajj ^jl^La ^ I~i 1 1 j <__il i t/illj jt 1 1 ^ 

.(j^iilaJI jjuaLic. 4^Ljj_uiJI 

^olc. ^Jb (_£j->JI i-Ji^LiJI 4 jM j j J /! 1 1 CjLlLojJ I J ^aSljJaJI <J_L* ^A> Jlj (jj jJI jaJjJlj 

(Meteorology) . u ^LnH <<dc. _jl 4 j^>JI 

(j^- (_p3 V liijjla 3 -La J^Li- L^jlj-aiu ^-Laj Lgj^JL*-aj 4 jj^JI JIjjwVI £_j-a4>eaJ Jj6> ^llil 

. ^vaaj^sM ^ l~*> i n (^)-4 La 4JLLa.il * 4 * . .. 33 

LtJ_jJ_>3j I j ^ iLta -^- <j-a 4 ,i1~ -- 1 1 (JIjLL [_L a (^jJt ja_L»JI 

.(Climatology) ^LlU ^ .4 mill 

4j_jJojj ^LijJ 4 j^_a- da j « ‘ ^ j ^ Li H ^ i^>Ll£. 1 1 11 n t ( j 7 _4> ^LJU ^ mile 

4a .i «i i 1 L jj_>Jl £3 jJ,I L^ooftl (Joal_j_*Jl £yi (Ji-I j3j (_j£.L33 4 .tc-lTiJ (jr^J (j la aj 

aLa j « ts\] \^ j — ^~-.i 1 IJ 4 1 . 11 LJI £-} )$— > 9 ^-4e_Jl L*> m < I n a ^-LiLljVl^J ^Ja^_ i 11 1 L *■. L-, -v . 1 

. ^LJil (. 1 L"i » 1 1 j 4 j_^jJI CjI^jjGj (j-a-JjLJaqj Ij 4 j^pc_JI CjIjLiIIj 4j^>JI 

4_io>.L 11I jauaLLxtl 

♦ . I 

^Lj^JIj jl In .aVI (JIloi \£j— i-^1 J -* uaLltJl (jaa \j j~i 3 <4_i_a.mi ^-uoLlxll ^a-Al (joa L^j| 

4j-^al JLaj-Lu 4 oajS JUa It~i 4 3 l~ c L . t 1 JjLaLxJll .1 a~ *2 lLLLl^JI j 

i a 1 j 1 1 | i la .' v 4 3 In ’t a 3 i Lj J j ) o C aijJl 4_» ui I I ^ jli* i L> ^ ■ . ~ 1 1 J^laLllt . I ^ ilf j.'i t l 

(^LaLLLI (_jo_a 44L)La 4 t mi ^? 1 L ^ . jl i T . (Jn 3 1 1 ~i 4 ^-jJ £ya ■ 'a* I ' -v- 4 
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jauC. LS%J 1 


Jjla 5 j1jU>Jt 4_>.J.J J a " t I J . [ J 1 1 n *i J_|JlIj (j jLJLI 40-jJ (j U ^aLJI £_a I JLifc . 4_±jIaJiJI 

t 

(jl Lai • <Jd> j_*Ji JojiaoJ 4 x-ouJL (jlaLlit i j <, .i -»j L J urt3 tiLl-lli j_t.iL.~u (_£jJI jLgJI 

4.^uLJI Sjljo- 4u>.j.i g M i l l 4_*_ii,Li d*ijl 3 ~ r, oLo-j -A-> jljliLlu j_^_JI j 4 -i.ujL-JI 

(_yJI I o °[ j ~t. f r ■> V a - J J I 4_*_iilj ijial 4 -t r . j jjl L$jjljo- tiUjj < j t jJ I j^a jjtS I j £j_u( 1 

jJI j-deuJI *La JL>J| Lai SjljoJI £jjj Vj ij_rt_JI aLa ^^9 JLsJl jJb Lai Jrt t ul 

. jJ fcjJ I ( _ r b 4_La J5I i^uLlI (jr Ll jir u 1 1 d U , .Jj i SjsLlaJI (jlji3_J 4Sj_>u 

»Jj_ua_dJl ajjig ‘ ^ g a d 3 l~< Li. I jLliJI 3jlj_^J1 tI;L>.jJ (J Ji_* — a (_^Lt_2 

(jlajVl tjr Lc. 3jl joJl j-jjj JrtJJ {jlJI JojIjoJI tiDjJ .tiUji (_£j! joJl ^jJLldijjLaj 

> 

. j'. Tr.J I Wi i ip iS jf i < pi <u 3j IjoJ I Ljj Jo j^l-ia. L^jlc. ^ii i p'jiij . i 3j .--p Jlj aLiil 

t 

jl tlilj ~ a~i i p n Jl jl till j ~ i a J lb LJLc <j a ijJLajjLiL (jjpLLj itlj^il Jj a C. Jjj jais 
tlui Lai tillii . JSl JojLuaJlj t 3-w| jtlj^JI jLi lc.) 3jljoJl 4ojj tluli Lai . jL_tLiLi 

<ji Ijt tiUjJ . ^.J rr I rt (j.i « I Ij tj^l JLaJLuaJlj < il.L. I e-lj^JI (ji LaK ijiil 4jlcuj-A djjlojJI 

< ( t * * 
f I j ,5 1 .l->« p^t ^jIoLld UjSLa ^1 1 l^t!oj Lli-Lup 

* 

• ^ (jloLLa LjjSLa Jiil t_aU>J1 jjLJI 

{_yJL»JI pU« i>»H j^LjoI JrtjJ ptLaJL. JaJI ^jLuu Joj l~> >- I q jl t ~ Jtajlj— >■ ^ojjjj_i 

j j J a , . j~ ^"Idjil o^B tlijlj LaK i j A » jJI 1 id i j jjs JojLu*JI d J_i> Culi LaiS” 

- ii i (^t (jJLxJi joJLcji jLLLo 

. L^l.i.^i.'a j_i«~i~i jl 4ajl J (jjSu jl Lai (jlajVl Li p » (j^a ^jjyn-r iUj ^LJl > L ii n 1 1 jSLat 

.(15 - 1) JSLip j iajd>-{ 4 juj 1 (jaj j^taj |»Lc JSLuu 


.(jidieJLa (jjIjILuil ^lj - 1 


. ( *Jl3jjq i L » iio till j (jvijl JLa (jyjraljd*. — 2 

. (jjaiseJJLl tLii i^aJ 1 tlilj (jLJ J. 1 tJ l l j g~ dL i 1, 1 (j^l jo. — 3 
.^ijjJ.1 JoJLuaJl tlalj (jyj-Jaill Jra t3 L i I I ^^Ijo. — 4 

J “~ tiUij »LjL>- (jil 4 a p ad. a L^jI . 3j a *i <pu_a j jr - 4^ajo.VI d-Li> (_^ 

. j^tJI j 4 juuLJJ ^ityiiM 
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(j£LaVl ^^>JI .1-1 « i >1,1 1 (jr tu_uj (JSLIj 1j j_>1 . 4-10. 3 ^1 (jj-b 

J. a , i i A ] I till j j£La^\ ^1 £_a3jll 1-i.t <>ill Cjlj (^lalill (j-a 4 ^jIj_$JI (JlSUl . 4 , t!* i_ -> J.I 

ill 


■ U 


JSLi (^ylc, ^L^JI 4-Sj-a- u>^ 


JLaJi-juajlj . U '. iXll 4_, 

4_£j_a- j-jJj Jjj-_UI ^Jl L_J^_ III (j-a (_p=J^I ob-9 J .(_>ixfl_5e_LLI 

(jlc, jl- 4 II J I I (_yjlj t^yjLo— Ul Sj£!l t ft 1 .-a . ) (_ylc. £j\ <1 I J I ^_yjl < *^M 4-^ ~T I 1 . 1 

.(15 - 1 (JSH) (j-ij) <->ll 3j£L!l 

i>Lj>uLij 4-uljlL^I 4 aln m lU«..i>i)I oils ^jjIjlII iv® ^LjjJI 

^Lj/llj 4_La^_UI 4_J La-U I 4 jjUUI ^-Lj^JI ^ o ■ ■■‘i 4 _uI_jjj-u'^I 4 a la i 1 1 ^La-uLi ^Li^JI (j* • U. 2 II 
. r 

l9_^ J-^ ° IjLUl (31*1-1® j U <■, i I ^i*\l _j 4jL>- LJLc. • 4j_a^_U I 4 _ij^1>J I 

JLa-il °50 ^1 °30 (j_a (jLalj-jJI (jl ju£> a.~4J . oLLaoaslI (j-a 4 « mLil dlLa-1 <n.a 

■ (^yjl^xi^VI *_a (jLllL clx-O- ■- Ijy" ■ "VI ■ U» u-ij) i~w. j 

ujj °60 - ^35 (_^i>^_»JI i Ujt-i -v. j-i-C. I ^^"4 (J\ jUflll jL>oL> (jJjljll (j-a ^LjjJI I"®! 




c /I I 


-oj f^Si d_Ljj_C 4_JLa.j~i 4 j n&c j i^La-UI S^SLJI ■ 2 luj-> 4jlj ^C. 4_ujJLa. 4 < . ,.Cr 

CjIjLSJI t_J ^C. LcjJj) I a ,-w a ^-1 .l*> -a L^JjlSc-} SjjLlJI |_^1 >Ll 1I dL?oL> I ^ I j I A - ^ 1 ^ ? ->■ 1 1 SjUJI 
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J-4lhC 1 


(JLajJu 


a fe faaw C^ 1 r$’f/$ ; r5v' 

a^ulxil r- b J| 

yui \ e ‘Av^V 

' <>*« - -.^ v,. ; : -:< »; t 'A 

S3 laiui* >'•' jS^r. > v \ 


3 ^lj jJUt 

C^’ , iv,"’ 

- 


,« k"* i 

aaijjui « *’* ^ 


.... , . .'■ \ 

1ft \ 

as - r * 






ft 


\S W 

>n^'L> n 
tK ^ 


* I 




■ 


a **T 

(jijjJ 4 _wjj V I 5jiJI n-Li_» t^ic AjsLjlII r L jjJ I 4^> (j£jj I J->- .t-« ... « » ^ i i>> j~> jJJLi (15 “ 1 ) 

/ 

I JL>. ftc £45^X1 doJu-bJl ^0»j^vl JLvt^J ^Lal 

C-IuAI (jyi Lai , CjIjLoJLi UjjOJ t a j jlC. La. ilJ I Sj^SkJI l b is*i i ^-3 4 j t -£*JI c LjJI 

. J-uaail J.-i i-JLI JjjJ Lgjj^gJ ^L>oVI 4jjIjj d n U.~ i a ^ 3 Sj^LlI 

jljLLal (ji.c. al^Tt^uVI i.Li-o dl-J>oL) "i&jjr "1,1 4 £A 4 j , n'C til ^Lj^JI ^dlLi 

. ^Lu £yi d_Lia cAj a? lL> j.-im >. ; i li.uj iSjj^jJl dJUJLui 4axKaJl ^Ij^JI . 4 ji Ir~i n H 4 $ i -»J I 

Jd>i ‘si M 4_d^a>.l _^..i.tl <.,,i ll i,n ,~v u 1 i ~>J l_J (JLa-iiJI 4-LJ^-ljJt 4»>a^_>.VI 

(jl^SLi IjLA - jj " n w.ll 1 ^~> d!l i£j — iLLaJl jjJLlIlj j t) rr A (jyL_i a 4_^_(_o 

i.Li ~>- 1 *i ~>~^a (jLa-Ju °45 °35 fjaj-c. ^_j l^'v. tj^_) 4.. I jJ 1 (3LLLU ^jJa 5 i^ U- 4 _j_>.Li> 5 Lfi^Jo 

• f. I ■ ■ Vyt I 

I^LjjJI (j^a d A 1~. Ar ^ i (j^.u 4dl*>JU (^JLaLlJLl (jyic. 4-3 i~i -> a (J_olj£. ^-ulj 4 t- j~ i i 

. 4-LijJI jljLd ( _ J ic. ( _ ' q~ 4^4jlj ^Lj — 1 
. 4 m » a ( i,»l d. j a i n j^a ^Lj “ 2 
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. (j-umLc^Jl (JlLa 4 i _i t .a dilSjl i _ r 2 (— j-uj-J 4 jl**- a £}±) - 3 

. (j^a *__j^_5Jl jl < ( j^jji-Lrt'til Lt Si 4_^_Lij (—4^3 4_ua_jJ ^Ljj - 4 

jl aV Ij 

0 lf. tl^JI 3 jJl 9 d)_ilj 1 aK ,5jIj^>JI 4-^.jJ d)jlj 1 aK ,tUI jlicj (j» 4 _ia£ tl^Jl 

- j Xl jLjcJ < 1 i o^-i 4a 1— i3 1 - VI 

(jl (jSLaJ jLstJ 4 4 n.nilL> f lj j 11 3jya~j.ll jLtcjJI 4- _ L <t 5 > J 4 jjj 4I 4 i i . n 1 ! I (jAuu 

(^jJI tLU jLiej 4. L-iojj ,4-j i.i-u-Ll I ijjlaj-JI i 3jl_y>JI 4 ^*.jJ ,_yiuu ‘-~i.> . j tlj^jJI ( _ y 2 «X>.!jJij 

. 4 in , jjj | 4_i I i c Ij^li 4jK 1 1 4l:^J I 

t 

JL>Jjuj (jl (j^4J lj3JI ijLtcjJI (j-a 4 _l«£ 1 jl <jl 4- jib 1 <j n i a tlj^Jl (jj^J 

J jaa. jil tLU jLxj 1 AJuf, 1 Ji_u SjIjjhJI 4_^.j J . 4jLuca 3j1 j_>- 4-*.jJ > *s~) 4_jj& 

. i^JlLM 4ja_3j lgj<i m*i u3jI£4JI f^Si 

i4j j j-i nl l 4JU (jJI <_3 jI£4j SjuljJI 4_ijiajJI (jib *(_£JLxJI 4-U3 i > ~ 1 *n~ jaJI Jjj I jl 

. pjo£. ji i_jLlu 3 (jjSj ‘ Lj 1'- *d _5^J( jLtiJI dll ij i-v. Jja-j ((_y>jVl ii>-b olla-uu (jjSjuj 

* 

I^K-4j duL- % - jj-o pm 33 iIjls. 5j_jJLu 3 -tjl ->. doljyJj jl tLa djlla-tai (j^j (jjSJu (_yi5l py J 331 

3y ilif. I (j 1 3 C j a ~>J. I p 1 n 33 j . 4.4.354 1 p . j, j » 1 1 j 4 a 1 Lilt, i pj.j »,J 1 : (j-ur y_t-ac_a <^-3 I 1 
tSj— ^"1j o 1 rt « “11 j— >41 dil 3 jLi (^ia I ^ i a Sj-lo-aJ, I I ■ .-> -w Sjul .1 1 j-3j 

. LJjkJI dilixLs (JT ii 4 L-> 1 i<j!Ll 1 

jl j.U a (JSLjii 1*2^3 J-&JJ £-<i >3 1 (_ 7 3s diLlaailJl (jp3 ij^JI 3 Jjjj dijlj Ijl 

:jtk*Vl (j-a ^l^-il 4j jij (jru j- 141 .) 

1 i 3 i j 4jjI ^>->- 4_»-j J jljjj ijl^La I . 4-LaL>J I djIjLpJl _jl (_g lr 1 1 ^-i3 ll j U 1 1 — 1 

* « 

4jJJ|l3J dol^ I jl (jJI Lj^ fir (_p3J V I ^ l-> 1 11 (jjj 4_1 j_5J Lj Jl^.1_jIJLI tl^JI 4 .4 .ll./n 

* 

jJt 1 a *? 1 dXijj (_a^J ^_ia L4L4 jl U aVI (J L*> 4 j13 1 ) 4_JLl 

.4-u1jILuiV1 JLUII JL>JI 

4jI^ i4_JLc 4_i l 1 -> . j_a 4 _i_^LjjJLi (J-t-a^a tljji p J-Lajuaj LajJii ‘(j-'jjl .>>"11 j4a^» — 2 

t 31a . (jJoUl 4ajt^j LiJuu .jLla^VI JU^3j (-alilSjljj J_^jj pj t j.l a3j 4 L ^_.-^ (j^-' c^l 

* * 

jljjj-3 4jjl jsy- ^4jj3j iU« iri nj jl 4JLj^1sj .1 3 4 (jt J «j~4 j.Ll>J| 

‘(J-bLUl jLijjt C-xj-mj La^a i4j^1sjJI (j^a 4 ■ ^ ■ 4 » i3 . .. j 1 <- d_3j.i a 

• (15 - 2 (j_i_j-£j I j_ii tin nj JLj - ti 1 1 (J4i^ (j bl ‘ 1 1 a'\ a ^ /i . .,3 i ( 11 L t 1 
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(J-la Jq I~i Sh LjLLmJ t^Jl i > \J L) ^U^Ja^JL} dJLaJtll ^Lj>JI ^ I 1 1-* ■ s * I (15- 2) ^J ^ * 

j_gjl -»■ .y-» .lfr i-tu-'*. tl $ J t-> d 

*-A 4_liil_J cl^Jb <Ul£ a I d~)1 4-> ti i [j j)^~J ^La./a ujj ^LjjJI CjL^ i ~»- j ti ^ — 3 

. (_j j) t-i & a till jLscJ t IijISj < iimj L^a *3jj^j 4_ol^A d 1"X 

3jJl SjI^jlj) j.U 1I Jaj) n m d « ^ . t-» j i^l/^idll L^juj^jj jLLa^oVI 4_L<i£ d^j_*.a ^ j jj < >■ ' I £yi 
. 4dl~i^JLl j^La^U j V pJI jJjjcoj -j t*» 1 1 I . t-% ^ n i ii J /^~j s t^4L ^ 5 jJL jl ^1 3 

it" Ac. cLljlj-is t4 illL>JU ^llil 4 U ^LcaJl ji^il 4-±jf& ^^uLSj 

•>w 

i/i~i j— L<u . ^yli^j d 1 1 l Q j' U^Vl 4_LaSLi « Jl l^j. 


~-i < i jjjL. 4 aJTl*kII JLsLLJU jl~a » 

:4_Jll!l dj^Joil 2_aj_>.VI 

J-Lxo dj A i l-i 3 < u_) . f.ljLLLu^l Jai. JLa-ia LU^Jcs- 5 LyZj-C. i _ r Laj>- (ju ^yj I jlTllu V 1 — 1 

. ^oJLa 2000 jliiaVI 4 -la£ • AJlloJ I (J^lS- i_5JLC,Luaj 

» U d j .*Ijj_luV! Jcu>- lujJl>.j J1 a HI 8j 5 Lpsj-C- (_y U-fc. (jyj Lyil^j-LuVI (jjj — 2 

* 

. L^JjI l_Ld> _^_uaj- icj^ljJl A ) 1 1 1 1 1 < AiS\i c _ r b ^ JLC.Lxdu jiauJ I ^ j A 

.JLLII ( _jiuu ^yJl SiLxuVLj 
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ajjJJIj t j-Lil . ... 

0 

4-1-3 ^U.a j >U-%- Jl A.i'u ° 1 8j 8(_>^3J-C. — 3 

,Jjua^ j^yiAj (jjij . f.\ j" ■ -VI Jai>» q£. JuljJI j j-Lail Jjuail 

Jl_a_i °30 j ^18 (_p3j_C. u In^. tjyj *oljL2JI t_J^_£. (3^3 Lia 3-*3 : L$j' J— — 4 

jl l"wa 1 4-> ^ ■ . ~i 1 « C . SjjLLdj 4J_ii3 L^SU j LLa-d t 1 ^ ^ ■ la n ■ ■■" ■ ' & . «. I j ~ ixj^I i l-*i ~v. i_i^ i 

• L^jaljJal ^.Ir. 

. 4 j o 1 1 1 3II J-Ljjjl i.i$i ‘jtf -~ 1 4jujI SjJLa (^yja j-Lail il^^.nu 'i jA * nj-l I j4ail — 5 

dan- 1— j j ) . y j ij L o - J u 40 j 30 i_y2j lA-J t J^xtujJlLI (j-o-uVI j -r j 1 1 — 6 

(jru £-jl 3-jj jLLi>sVI 4_i_g£ . cLTi_iit.il ^lj_>JI I jlA <_jJ3 jJall 1 U rt ■ nj . cl j " i » V1 

.Jj^aUI <_>jJlJI £yi (Ja3j (^l-a 1250 - 750 

* * Q 

4 11 i d i^J I mf] j-lajs . Lij-Ia-j Vt ^ ,~, 40 dxi* 333 * L-J-aJ 1 jjIojjlII Jojiai*. — 7 

. 4-LmSL«J 1 ^LljJI 

. i l~ i^i 1 1 (Jjuaja ( _ y 5 j! jJ-i 3J3C 3^)0 :tl>ljLUl i_j^c. C-i->iJ 

1 Jlju^j | 1 .~l ^ ■ U )) . .. I i t*\ . , 3 t A J \-~* n • l ** I | j t-> , ,|J ^ 1 ^ V, i " , M -1^ J 

. » 

i. la - i .i ij t ii j 1 s\ 1 1 4-i.i.J I (_rt i,Vl (jil 1 j u 11 ') jdua :d)ljLoJI «~i 'n’i 

• OljLoJl (jja JSlj CjIjLUI 

* 

i^Jj S u Lu^a- . ( — ,-ij ,i.-> . 1 » i 1 3_lj L x 1 1 dj ,~-«.l Ij d 1 1 1 t . 1 1 1 4jiia_U ! a 1^ -w- i~. •>■ 1 

» 1 1 CuJi din 3-*^ l * n I 1 


j-LIil 1— oj-luaj 

L^— q-iil id-t il" V ,o 4_j_i-LLa j ii-» L Ic. tjr lc. „1 /i ~ tj ^Llll 1 ii j f m ~i 1 SjliJLC. o'^jL^_a ■ ( 1 1 1 * 

^ 1)^1 AJI Li.^Jiaj^J jUajS^l CjL>-jJ 

j»Lc. (JSLjij ^-LUI ^_ii 11 ii~> (^SLm 

3 •> ft 1 1 (jjq (Jiii 4 adsl 1 i~ JI 4 _l 4^ C)-)l£~ I jj (arid) i_^L>> — 1 

• j. rr- 1 ~ J 1 j -& I 2a-3l , n~J 1 C^jLS" 1 jj (humid) i_Jaj — 2 

• ^-la-o jJSLtii If . dv^Li ii ill 4 i 3 -^^ *iul^ I jl 1 [Jj j a ‘ • ^ J “ I 
• ^ij 1 it d -i 4 L» n~ 1 1 4 _l h 5 T 3-^i Llul^ 1 31 1 1 — i_) 
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• J (_,J1 4_lcS 4-i,i „ ii ' ) (jJJLA fij i n3~i Lx£ 

Lol i4-^jl i t i ~ L o (jlaj'iM ^L- i . u ■A. i . _ u n -a (j£Lat 4_xi-Liil jjt JL^>J jJiJ 

!_gjl 4 n ib V (4 _ !■ > llll \ t il 4_C . >1 jJ!L<u (J5 ‘ 4—LJ v LLa £■) jj>\ oJLC. J> j _l 

jj-u JjJ— Loi q . u ru J 4 _juLjJI ^ ■ * *>• 4.x. %-LiJLl j — xo l i jlJ I £. 


J-4J 


.(15 - 3 JS2i) 4l^lj^ iifciJU 4^UI 

4. _o >uii ^vi 

yJtjlx-Vl j-ut 

I U-V JLx — i 0 5 L y^j—£. u*fc. (ji-J 4 J *lj “ ■ ..VI 3 Zi^lII JljI uJI j-LlJLl jjS> 

\ _ * 
o Xsf Ij jJuj^LII 4-xjIj , j-xjiVI 1 m r j (jjjLaVI . LxJ^_3j ftljp.x.iVI 

* 

3 j lj— >J I CjL>.j J . LiJj_5j 4JLxxJ1 ^LjI 4 1jl~i 4 i u iLaxIb ^Lxil I Jl_£> jLLcj . \ f.j Lx_t^_xjj jjlj 

t ° t 

4j^L> ^J l i^jII jjjai SjLc. (_gj ) 1 1.. J I (_£jl^_>J! (_£jlU .(» 26,7 ( _ r JI^>- 4_3 jIj LajjJjj 

. 4JLlxj 2000 4j JUua -LC.J £_a ^_i^Xl ^JaJ.1 . 4_Jlc 

(JTjIalt ^Lill 

j\js 4 lull c^jia I j^uJ I i—iil^Lil ^ ^<*- JljI i 21 ^LlJLI jl4 > s . j V 1 v~ j_L! I . X j » ) JLa. ^Jl 4 i ij ) 

t 

xLxj^_3j (. I j "i .I../V1 1 li-v. JLrt. ~H 25 J 10 ^yzj-C. (_J 1a V. LfU ^»lj_>JI 

IjulL^ «■ j 3 ui C JUa 4. J I i ^ i i l 

(_3Laj>. (J us. 2 JL>._aJ V - 3^ jX CjliS^Jli-l (jjJLi jSj-C. jld-a i^Lxil I JL& CjLLujj joj&I 

I I j i_i-ii*t Jxh (jJjJlj 4j» 21(_^lxxJt L^Jjjua i L xjl >,,»') 4jJLxi 3j1j^>JI CjL>-j J 

^JLaJI .Ui .>>11 CjI j 4 jj1jlU L y° L : ‘ <3~ (J«I 3Snll ^jl 

(JjljLo 4lart>a 

j-Lil 

j 5 ^yzj-c. jJSLiixj juLuJl ^LULl _}£>_} .^Li^>JI jIjJU xiUjl^ ^. < 1 .. < ■ j 

(jlj^C. d i IA 4_Jjjl^_(J| 4 l IS~I g II xhj-U>. tjj ~ I 1 I X— ) J) 4~> -_g 15 

. L&j_lc.j 443 -^“ tly 3 -U^ l 'j Lx2j^al 4 i < > 1 4>j uillijjl 

^1 j <r, ' . t-i j ijt >- ., ^ l^vfl . 4 _L..jJ I 4 lj 4 -t fl—C. 3jlj_>JI CjI — 

. 4jai) 4 jj LlC. C L -J j_a (_aL>. j j a t LuiJ I Lot >x a ‘ ■ 'I (J (^° 1500 - 250) 
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AjpJlj i £UU 


u a i . 15 I. I ^-Ull 

4. ■»■■ » j.uj-1, 1 ^LjjJI t_j l < n n > Lu-u I Jj^-iii 4 -I ^ya ju^^\ JuLiuJI ^Lill 

^ (jyii I a I . j It** a I ■ la^ d ■ ■ ■ < ■ ' ■ ^' 1 II 4^ - y il l 4jjljJU_J 4 _ljI j ~ i ‘ 4._i A j t ^\ ! I 

^Lai J J ..l £ JL_>. 4 1 ni i ^mi 1 Jut) ijLb liAJjJ . 4_kL>. AjjLS Ajjljufl ^Lj > ■ < ^ tL-luiJI 

.i_aL>. cLJuj j Uo4 ^ a 1 1<~> i.-)~°i <^_ 1 £j,u3_}j ^uj l!uu>- (jjUJl <_£jl j_LI 

. l l 5 <-^ l_j * ^- c - 

jL>Jt ^Ull 

<j] .s.IjH(ujVI did). I__)^_ 1 >.J (Jl.a.uj 35 J 15 (_p3_^C. (jU> ( 2 /U jCLd-l . jL>- ^"Lla Jjk 

(> iSj^VK e.\^scMDj jL 4 JJU 4 JI al^-SeuuaJtj 4 _u^jlJI 4 1 /iij (_£^_i£3l t- 1 j-Z *- m 11 ^Loa 

. Ulj^J <_. >J-£L t^jl ■ ■-»- 1 ^. I (_yl._i. 4 I 1 J l^LaLjl tl LuLjil 

f 

i.~il < ■)' (J*^ "■ ( _ y ic. JdaJa 4 ■ <1 jj *> 4 ■■ jtL^o 250 <jua (J_> 1°> 

4 < . -1 i i r tuiuaj 1 j l $ ‘I I (_y^J ( j i 1 1 (JxjiS (_y3 ituij^a 5jl^_a«JI uliL>._jJ ■ (j l^-i & |_gj) i i.nllj 

• * Lj- 2 J I I (jr^ J 1 (J 7 ^ 

( J. < nj\ ^31 j. Li 4-)U ^yjt) 0 JUi> .<JjJJI J/JJ (jjJU 4_*ioL_u (jjua-Jj jl gill 

• AjjUJI 4jji jJ .1 ^L^l! 

>tlll»J*il 1 (jj^AjV I 7-Uu4 

(j^° 4_4 . Lv LuJI (3Jj3 Lull t (_y^ ^j*al ijj . 5J jL *i « 1 1 4jLaljJI 4 _jjj_»J I ^LLo 

1 1~) i- M j ‘ LfJj^uijJ LS^ < Ja I„,i)jll1 .~) _i V ' ^ ~r j II .*:. (JlLa 4 U» . . . ^~ 1 1 « II . -u 

. Li> LJ IjJLuj 1 (j -a 1 t j->J I <— j_>2. 1 i LtSjji 1 1 m (_^ 4/ 1 j 1 ( j I ■ ■" ~ 

* 

<_uij_uaJt . a 1 i ) .1 ll^a 1 ii j i 1 1 1 1 ^ j 1 s> -^- d 1 1 . ^ All 1 ~ il a\ l ~ 1 ^Llll ! ■'■*> jLZLoj 

■ J j'hj hi i_aL^ 

.t-d-LuaJl 4 jj 1S 4jjljLaj (_yj3 4j^jej d 1 . 

JhU-tll ^Lu4 

o o 

J C^J^- ( j L) % . (jyj j-i ZTi )j j . i_4 U j ^jljua (JLcjkj lLUjl? ^j-auuUj 

. L^jfi-j I jLaui < Jjjl ^uJI <_j^-L>- iSjjxjJU oL^I (jjui i_ j_jJL>- 

4j^io^Jl (j^j 4-LuJl (j^a 4 i_n. a CjL^jI tilLLi (j-^J 5 ^-i X ^jj^3 Jj>- j_) 

. 4^L>- (J j^riA JU>> 3 -j V . Lk^JC. (jui 



j-iLc aJI 


• 1 500 750 I^JLij i ^_i^( i Aj-L^aJI ( j ‘ 4 4_u_aJ( ^»Lil ^ 1 1 It j t It a 1 

. 4_j^rtj 4 _i J jua 3ju l i., iH ^LjjJI .<_<i-(-loJI ‘ pllAJI i . I rt*i a .ililtl l 

J- U 1 < ^LL4 

°40 J °25 (_p 3 j-£. i_ j lav . 1 y=> j_ *J! JajIr-iL ^jL>.j^i JuLi.iIl j-LUl Jji 

^LII Ijus 1 ^ j 3 jj i nj Jj-laLm ^ii£i iCjIjLiII t c l j~ i ^ Vl ^Itt. i i j it- j 

cj->JI joJiix^aj iL/y^aJI t_j^C. 4 t jl„~i n5j3 i t^La-dJl 3jS0( i_rt.i«t ) 

. 4_o_aJj>J I LS^al y£ Lojjj-LIjj ■ n tt-~l,l CjLiVjJI yjz 

4 

JLa^JJ V . t 1 i u i 1 1 (jJ 3 t J->- .SjLjj 4_fla_i^jJI yH J t 5 ^j)j.uill ^JlIJ 

. AjjL^ 4_xjIaS ^Ljj frl~ Mill i^" .£jlj iJSLIu jjlc. cllAJI yZ (JjJlS ‘ la-fll ■ ■■“!! “ • It j 

JjLl J I " » j a J'Ul» 

t Ij 1 1 >iVl iJ^iw JU-iii 60 j 45 ,_>i3j-c. ^ It-V. tyu CjIjLoU 4_uj_*JI (_alj-IaVt ^Ig. 

lLr L^UJ 4 <J *t- < 15! 4 41^1 I 4- IJ * t- 4 Ll-L •"< (Jj>-(j_4_l/ tLjJJjll (Jl 41 l*il J-D- l j~. * -> 1 4_1J LLj^_J I "j >->JI (Jj -0 

jj jJ.1 . r c -J I j-LjjJI j-u G y 4-jua ^Uil I jl* ^_2j . La>j_i-c,j LjjI 4i i »Lj 4 1 

* 

4-^.jJ (JjLt^a . 4.^Ia-iLjcJL4i 4-flLc. CjL>-jJ J_r »- jj V 1 1 ji mi (JjJLfi ^ ^.i.i.nll 

4^0 (2000-500) j±y£- j-Lall . jL«j>oVI t 33 ^ j $ t) -Sjjlj j* 22,2jjS> 

(jJi 4l ■ ^-» 3 ‘~r r 1 1 idajJLuaJl . cl ~< nil! J i <-i *q y$ (Jl-i^_i <ll>» 4 A 4 444 II <l_ilt 

* 

- 3^ji t- .11 SjjIjlUj SjjLiJi 4 ij 1 U 3 J I ^ 3~i l~i 4 fc .4j>- 4cl~4ill Luaj 4 >->->- 13 

jjLJ t J-UjII ufll jJbV I ^Ll4 

'Itt. 4_Jjj_>-J (Jl 41 ,» 50j 40 yoy-c. (_y Itt- (j-lJ OljLdU 4,_4_5 j I.tjj I (—bljJaVI ^-LLa 

O Li V oJ 1 a ^ .j 41 ^Jl <i_ujj 4 yy -**21 1 djl^-j t- . 3 1 , yu ,< , ,1 ^ 4J 4 **i 1 1 41 4 3 In 1 <1 1 4 ^tj 1 <-i t . icl j i t u VI 
jJLI .(ji-uaJl y& lSJ " . ' 51 1 (J j j 4, nl lj ^jLLiJl (Jl— m u 4 4 |jj j . „M i /„ 4> 

1 41 n/illj i g. t*i— 4 44-1 1 44t^Jj_»JI i—Sl^IoVf < i.lJ yo 

-4 41jia1I ySl {J 4l4yjJll ^Llil , ,,VI (^laLlil (jjJLc. l-a^ -4-2sl-CL>- (Jj-43^ V 
cLlUI (J 44 t<»i Lai - ‘ 44 1 < -t 1 1 J 1 .t °i 1 A^* - , *Ct 650 500 jl It aVI i-lt 4 »l i„i J JUL-a 

4 c LL cD I 4jjL^ 3 j .L^ SjjLuJI ^LjJI 4^jJj (JSLlI Lyle. nh* a 4,J^i u lj XI 5 > L n 1 u_ ~ 4 j i 

I ^1 ■ .-J I y3 4jjIv)-4J 
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AjjJJtj < j-Uil 


Jjujdl (/jiaJI £UU 

°50 j °30 (j ln>. (jiiljLolt Jta_uuj (^yja juLuJI ^LiJll 4j] . 5J . d« JL 1 l _4i->' u > Jl ^Llo j-aj 

(jrS j_iljlj (_£jl_ja (J_g q i ii J LjSjj_al (_wjLj-^jL k t,u, >■ 1 1 l j - ~ <-i i lm » (— jjl a J u 

.UlGu-l 


jL>- jL^UI ■ *1 j, i ! I (_y3j Jju>. jsjLj »l.~ Mill tj — (_g j i m J I (_$jl ^-4>JI ^xll 

— a JjiaLiJU (j-a J— 1 1—51 L -^ 4,i5„j i^a 400 - 250 l—Jl— 4 j-lall 

. C. l.~ 4i.1 1 (jJa g-liut 4-1 ,1 , ,|J JL3J i<— LtuaJI 4_)1 JUj £j_ljJI ^J»- Ijl l _ r 2 (_£JL£.j j ■ U a £-A (jjjLi-aLjJl 
• iwixaoJI 4j^tJ jl 4 jj 1_9 4jjl,Xaj lallAJI 4 jjLS 4 ii Ua 

jjLJI ^LU,i 

jLa-iliJ I JLtilS tjLi£ (JIa t\i ^j-c S^SJI < n ts\) jrLUl ljuk jLiuLil j 4^*4rij 

* 

4j^I J J-3 • 4 initl j»Lj 1 ^p5l JsLa->ol £_a » I Jl>- JjLj all Mill . Ljj- j , i u u Ixi-aJJ 

. 10 {jC- Llsj j j nfV I ^£1 4 jjI^>- 4->-j J i. 4jii->l 1 

Ijc. 1 g j 4 j. U U ju^j JJUUI i^^Ji (JSLlL ^ Lc. LJL4 i^-a 300 - 200 iln.al— i.uJill 

(jS 4 j 1 3 1 1 CjI^_i_->JI jl 4 _■ i U. 3 1 1 4jjLL11j lallLiiJI ( _ r 3 4-i.i ki 3J 1 4 jjLoJI ^LjjJl .^lijl 

■ 1_^1 ll^ll 


IjOjjjJI ^Lla 

<l*> i ~r all 4jjLa.II I .4 . .U^tl JjJ_>J| jljLLal ^ I i3J5jLjJI alj-re-t4iJI ^ 

* 

Ji j) ■ “J .(Jjj-Ls (JJ £y£. 5jl 11 - al *i Mill ia ( _ 3 jlj Jin 1 ^ J _>- ^ ^ La_4iJ I Lusj i^i V . l ^ -»- ~ 1 1 
(JSt ^3 3jIj_j>J I (JLiL^.jJ J Jj_a jLa_>ol eLlJuJI ( _ jr 3 . 4 j ■ U a 4 jjIS 4 3 U ‘1 1 

i ii lr ^a_a 250 ^ja lLxsLuuJI . JSjL) j j ' -i a c 4^i ii-i II . a 1 0 

4j| lj I >ltl OJ) i II * \ Jl ^1x4 

CjL^-jJ (JjUL^a i^a-jt J jLa_>uj . l£4£jLulj I. ill t _ji_a 4 _i j U 4 11 ■"<! « 3~j 1 1 

. 4 i M i l l ji L j 1 4 l^ i la 1 4 i nj g-lj • J '' 1 --* 1 ^j_a ^ j 4, 

tljU^UU jl l .^ lgjj e_4 (j£. (_4l~i V_I ^LLa 4 t 4~^Jll i_ il ^llj JLljiJI £ya l j j*~X j j , ,, i 

. i li « m'-i 1 1 SjljjJl CjLv.j.1 >~ila 1 a 15 i^LajjVI jlj La-K •UT>VI 

IjJjj 1 1 1 ^Lt/J t|iLl ^JSoiJ i d i a At ) 4j| - r. 4^4 ^ < 4 t, ) 1 i ) d t A a \ i ->41 (jLxaJI CjIS-LUI 
.^Ljj j^l ^a (_f jJI i l-i i iri ll 4l^j i^ j .i n 4 i ^ i I I ^LluiVI 3^_J SwLaj ^9 ^ ~ H ^LUI j 
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J * nC 4ljJ| JiQ <1 J I 



(jic Ai i - fi > U, I Aj_>. L ll I ^Vt £dj^J j»lc (J5L wJ £jjjJ Aiaj^i. (15 ” 3) (JiLw 


(Weathering) aj^UI 


t * 

^Jl ^j,i.a.d"i I jj . LuLixul^ l^LLhjJ LjSLjjISLui jy i-rtll t ~ i _L~ .xj j ^jlr> ->o lJ Jb 

* ( 

Clu2jJl (juidJ ^yic. Ls-^jLj Laic. i4_lj 1 jq,j.5 Ij A j5j ll£L y a 

. 4j jl .i~i n diLj-jJj d ,il~. -> .11 d-LS-LlU 4.al~uVI 


Aj5L»j\SLill Aj ^ jip U I 

.(_ydl-.Ld.j5H J I (_yJ JUlII I j5_jd J-Ju (jj J (_ydlj^a5 J lgd>- l ddtddj Jjj r L d 1 I l ~(j"d t (_yji> 

djSLolSLlil djM)T-~lH (JdtjX. 


1 a5j (j^-d-Lua CjLcIj-3 Lu^aj jJdtd-dlJ! (J5 . %9 4_dJ- -l. y i5-i tUI .J a •> ~J La jJx. 

J j - V I--.H (_yLi Jdjj iL^-ddfc-*- J.j5jj jL-a--yJtjj .dUIl 1 ^H-r ~~i LsJUC-j t d ^l.l-V a |»Ljscd»-l Calj 

/ jdi5 110 (^Ijlx djJJi jL^n-Li 4 .1w» JLI 

dj* .,.'> La I jl 4> - (j^« <11 jji, Lfctl>>-1 (Jjuxaj^ ij^ic-uaJl joiodej 4_ila.«Jl dj^ii jl jl5j 

. (Ice wedging) jUd^l aJLL^i 
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i j-LHI 




p 

jd jjjj I JL>- d_JLc. da j * .>■ C*d*o (_pjjVI (Jiwl j 3 j_j_l£ JjLajC.) ^ Ojj£) jjl r.n-il t 

jj ~»- < rn T I dJL £> i.>o t L>j.lG ( _ r !lll J J 1 1 ^ya jLjdVl 1—3^1 (jjj (_g^Li ii i j tOL^>Jl 

. 4.1a j ->J. I i.U j « i >. 1 1 uUJju dJljj id_j «~11 4^t_p-i (_gj **- i^ill frllajJI (Jlj LI iJ J fl J.I I (_yj| 
CjLcJUu^J ( ' j — 1 qSLlJ IJ4 SC tall J J-C -3 l_i_t_iiLjJ - j <*i I “II ^3 ^J_L>-I jJI L « ■ -'A 1 1 tjLiJ JL l ! j •> . 

.(Rock Sheeting) jjt<oI1 4_lo < n‘i La lj_a> .(jisjVI ^ L < » I djjlj_a 2 jjji£ 

5)(jjOI j.jJu 

^jlc jj *»■ i"-i~ 3 " <4 ilo « I) a jut jljUj - j j < --i ' 1 (j^aLaj j JwJw4j i Limj j j i 111 1 jui 

* 

JJLcj di^Lal <.a dil j i d ,il* -i- a (j jLvd ^ya d i jK a jj sc-juaJI p L » a jlj 1 <.-ij i.-i *►. i»U...II 
j^J-JI (_£j1 j_>JI ( .<j.>. i^jL-J- i^-ill (_y3 djj_3cJ<-ll £_jill l ju^J j-J^t-j j_x£ I . djjLilLa 

d)L>-jJ > ...i.u .ajj Lafi Lull (jjg. 2_a_iSL_o 3 jL*j>JIj jj •> i(jlj j i ^ 3,1 Ij 

.^ T 1- 1 , .,n (jt JL. JJT- Kill j_£i2j djjlajJI CjL>-jJ dijliu doL-aAilj d-uajJI Sjljd>JI 

d^-jJ (J i^i't (jiaj^l d_Cj_toJ (Ji d-yLa AJIj d_j_aj_JI 3jlj_>Jl CjLwjJ ^jjLiJ 
• i Ldd mi l ^yic. j j i n ~i--d 3jljJ>Jt CjI^jJ j_iij jyilj jlfi IjJ .4 jjIj Jj^c, jjic- 2 jIjjJI 

^^UVt j>laj 

l 3 J 3d (J 1L -33 < _yJI d_j_3jyJI (jLill (jr j& dilia j! OJ-^S CliLyaSLi d_ul j dj j ^>Ld! 

l-4-d »^^LaVl j ■ ~^ -l L i < till j , pc. i *ij LdjJd ,djj_L»_iiJl Lyiljla (^^3 JjL-uajj tjyrt-i^sJl diLc,ljij 
djli^/l jIjSj . jj-LlJI Laj—i — Ldi f j a i nl jjj_ie_uaJI jlj d)l m i v ^.Lf. LLj_*_lo i , • . .. i 

. JJT <oJl C l~ |TJ JjLUl J 

Aj_>JI wULjLSU t j -^l~i 


(jin J_C.l_LdJj idyLoJI JJ V 1^1 II (_y 3 j djj_lil ^ d_pj| djLuLSJI (J-d a j j"'-< ^1 jj| J -A 
(jl , -ydJ! d j •> ■ 1 1 CjL-> 1£JI dJ_& i .(^^>.^1 djj *>~_ l) 1 jJjalj_*J Lij_L-L<adsjj 1 ^ a i ta -w ~ J 1 jC X A~ 
(_yll jLkII ^ djl j ^ya ^lyjlj *d_jjUI i_yu-LJi 3 J1 iJjL.^1 diLljysJlj 

j j ir i r\ 1 1 J^ jd .id L*jjJ_>- j_yjll diLjLxjjl j id_jlx<aJI djj_i_>Jl jjjcj^aJI ^2 j a -> -’i 

.JLUI 1 oa ^3 Jdib jL^>U (ji L^( 15-4 JSLi) I4 djl-l >J ( _ylc. JLC-LuJ Ltd I « . . J~J 
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^ y\i ^CT I ^UjaTJ 1 

* * 

jljJLI jjja ^ASi jl S-iLd Jl>Jjjj 1ju& i^jJltcj . L-lIS jl Luj^w L^xjl ^lj jjJt-uaJI JL^ ^ 

# 

■SVlj j Uc a^l (_yjlj_9 clll jliej t H «; ft ( » 4jLj-jJai 1 t f LuLls_iS 4 la uiiJ I 

. Laj-iAj Lu^aVI jlcj jl S J I (jja-«L»-_a 

> * 

4jjSJt1 (j^lxll jelaj_3 (jlj Li-£> J) I .-i (^j^LJI *LuJI ^^3 l^-f- j -iu i±jJL>u .iljJll i>j-& 

j it t~i!l I jui . L p3j'^l In i „ Lr Lc. 1 g if. L-alliej i_3aj_Lb G>J ( _)lsj'^l jJi-lj LhJj£j jj-Jz-uzti! 

(jLjjJJ «LLIJa c^Ij , d_JL_>JI 4 -Ll_lj>JI! ( Jtj^>-’Vt coo 4Jblj jl j^a l yjj£j 

• Ml^ 

.(jljjjJlj t JLuiSGJIj i^jjLU J1 tt"iU (^,-4 4-ul.J a jS II 4j ^ , r*r~ 1 1 jCJfctj 


2-jpJ( 


1 j J a A ' CjLuLS l£j->lJ i4_Lju3jVI 3^-ii-Sjl |» t-» < ■■ ( _ T i^ A^SJlA 4 -UL-jjJa .llj-a ljr ii 


.cjLjLklJl cjLLiI < _ 7 1c- SjjlUI 
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dJjXJtj i j-UXI . 

(JjtLajj jji-lju 4rr j*i ) 1 a ixmj 4_Ljjio 4 .l. 1 qj 3 jj_ 9 djjJlil d»jj£ j 

. (_g^-L >J Ij iSj-z * <«*iH cJ 3^LiJI 

.tljj&j .ftlaj t4-jj («i^C ■ 3CC X n 4 _uJjla i~il i^i ■ ->- : 4.j mj ij dlljjSLa 4 J 

tc_i (jLLajj i I JjLLaj . ,.l j^JJ ^lr I f_^Aj diUsliaJ (jJI ^1— C. (JSLdj S o < >i 3 a 4_ij_lllj 

* 

^pJl jjlj _ jSLj t_j JjllaJj I jLkj * ( 1 5 -5) (JSLi) tUj-Zr J^ill dl l .1 1 1-1 H 1 j J -i -lj (^ULaulj 

jjja I ^j_i <ij ti~ . ,1 j L< i 3_i Li j- ^ > ,^-qj i (Solum) 4-iILui J>J I 


»J v/y N l'« ‘Jh ■?; 



mm; 


1 (jjUaj 



hi 






JaUaj 







JjIIajj i(i-» jtlkj} (rfipil jJLL^jj (1 ^Uaj) ^LIujVl J; ^ 1 :4 j^LU ^LLiDI uaa£^JI uy^f (15 - 5) J5L«i 

.4jpu^il ulii iUll |w |^3u^ ljL! 3 j aIL> jj J^£Ij 

jlj-Il 4_La jLLsja'iJl ijLj_a J i n tlj .(15 -6 (JSLd) JLjJlj 4jj <3i «ll jl ji.1 4_u3 ySj^a I JjUajJl 
^■L-ajjVl (jLLaj ( _y <3. -t. n -i dUjJ (_jJI 1 j 1 3 1 i j (3^_jJL-aJ1 di li _ i i >Jlj itLU (jLijjlL! 4-LL3JI 

: L,jLa i4ilaj 1 id-»o 3 jlL ^Jl I (jUaJJI j , 3i ^Loj ^^LLua . (Eluvial horizon) 

.diljLUl Lli_> ^l^pj jLi-dj l£ jJl . q ] (jjLLu — d<^j — 

.<lJIjjJI 3jULi { _ 3 _LiJt 4 j t (JLLsj — di^j — 

3 I t 2^ 4ilajVI — d_>o _a — 
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j CtiC', 


(Illuvi- ^51 jUJl 1 4i t tiUjJ . I (Jlioj (jill -5l_9.il j_»5jj <_j 3 1-1^ 

• £-11 ... 2V 1 1 IV <4 Sla if — cx>o Sjlc ^1 4 -»j i m.a\ (jSLwj . al horizon) 

(J a "1 IJ ^ d- i£ Jj 4 Aj_9 ■> "il l (Jjol_9_C. d_xlc ulijj! 4|_£j_ic_40 ^1 Ia->- L j-4 3 j5L*i j ~°1 £ (3VJLi_L3 1 Lai 

(15 - 6 J5Li) ijpJl (jJI Sl^ 

1 (jjUaj 

<xi 3^ '* 

£ 13^“ 

wbh i*j 1 j jL«j ^ 5 Jlj JLjjI 4 ij, 1 4 JLa^ (^3 <bjlll ^llaU) J^_xj ilIjla* ( 15 - 6 ) J£C 

.<LUjb 4 _«jI£jj 



4 j^JI i 3^ 

J^Li. . (_£jjx>J l_j |_^_9_>J1 J iSj- *c-Ji«aJI 4 A If. VI (Ji-ljGj Jc.Lij docxxi 4 jj-1I1 3 

* 

jl_9-lb . a r VI n. l ^ i 4_iJ^Lc L^J 4 jj_jJ1 3 >jt j c. 1 * 1 ! jJ . li'. .<*» 4 j i <aj 2>j" 

* 

4^1x11 dUjuS 4<Jj_l!l (j_a 4 <2 t a £jjjl L)i9^ Cr^ ljj.5 tl . 4 1 l" 1 4Jj— ill 1 j . a 3 ~ (_V-1 1 j*^l 
> 

(jjsjJJ 3 I 1 a 5 . 4JLa Ljo- L&LLoj (jjSljj 44 j^_ 1!1 ,Ji>.l-5_9 ^^lc U~‘J *~ (jj^Jl 4- 2 - >J I i-lil— olS-lIj 
jlj ~ . ..1 1 ^iUj ^*^2 al ' 1 ^ ^ 4 il -v. 4_J jJjJ 1 (jl (jr uu -l J X? , 4 jj_jJ I (jJjSL» 4 2 . a 4 >1 jl-JLaLVlj 

. ^2 JJ -> ■ 1 |j 4 _lj 1 j 4^ 2 ^ 1 1_9 4_i5Lu 151 x 11 (J-al_9-»J 

fSn 

. J_9AjLo (_£jjc_.o CjIx3 j) j_ 9 . j c .10 03^ 0 * (j-^Xf l -trj'^ - - j j5'~ ( _ y l!l 4_xLoVI jljJJ 

jl jil L_4x5jj 31 .4jjall (VjSlj 4_C.J_._u (Jfic. JJJ J AjjjcxII J^oIjju jljll ^ JL* jjtj 4_C Jxu 
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4jyJlj i £LUl 


jL>vjL . yJ^S." 1 1 4*ij>\ ~v 4_)yiJ1 Lco^-U^jv l4jyjiJ yJJLxl\ < I jSylM ylc. yJjL ‘L (jJ - ^ - ♦ 

-)1>U <_*j£y3 y£. Lfr b Syj U& 3_J^HJ I JU^Luj »y_£l (Jy-i-l Lyilj ‘Lyill £>Laj 

. lyLa Cujj&2 ylll 4-jJbo’^l 

4yjLila y_yi > A ^1" zt * jjJt to ya (j y'fy’j j yjyJjJI ya 4^jLiiiJLa I yl (_jrJ-J-> .. l . a! 

* ^ 

.^LXI l • i ^ a> (Jjal^xJI 4_iajil yJI yylj L-oa ijyj*-i*aJI £jj yuA j ya y ySb 

^Uil 

Li J-iiVj y JUaj JLjbJI 4jy_^lJI £jj J-jJt-Tu 4 j^L>. ya .4jylJI y-JJ-SL yil (J-aLc. ^o-iil y j " t J 
4 jj^JI yja 4. ■.ill-jc.a £-J Ijj I 4_ill>J. I Cjb-LLLl y3 yySlla . L^liy-ua-lj 4jylJ 1 i*1omi y 1 1 1 ^ rt a r J 
CjjI£ jJj yl*. <— lylJI ya 4yj Lila jjl y ySji j ^Lill y nil ) yiij . jysr-i^ajl £jJ yuU ya yl>- 

. 4yjl ijila y_iC. jj~r-i^j31 

4 _o»JI lUjliLII 


<y$^» LibUbj i Lg L~> . 1 jj Sjyill ^ L ■ - yJLi iCjLLuj dUI j -*— *• i 4 _j _>J I i^jLuISUI yiy*j 

o jl 4l_ib A 1,1 4_jylll (_£ y_>L 4 jj . 4-1 yj 3 yS 4jy_iluul SjVJU 

ylbi 4 l . l .j r' t 1 1 CjLLyJl LL2 j ylc. . bla *yv y^l CjLLUI LLLi yySuj i4jyuaju1 jlyll ya 

# 

* JLj d L j I CjIjUUI CjLuIS^ cZjLjI jt 

• 1 q J 3 4jJ-Io^Jl frlS-ll ^y-l^T. JX.Lm 4JJ i4jjJLl1 i 4jj >■ J 1 4_i 1 a C. J^CJLJ 

JlzI ££_} (J-L-* 4 3jj-Ul 4-JJJ -w. 5 j L) \ ^_Lc d ill" *t- d d I -V. oUiLS jL^bb 

yLc. vA_^l L .aj 4jyll I (_)-L I j 1, ,j j L Ij 1 1 j jig. . I » ~~ yl3 1 4jyua_»J I J lyl I Layuia- 4jyl! I 

yj by-b-J 1 y-a 4,. i . _n - a ^lyi iSj-* - 3 *— J Lj bj • 1 j !■*>- 1 j * LX I 4^y>. yic. ^ 4jyll 1 4 j^j 

. Lyj ^ i /iL jya liUju _Lyla 4jylJt l _ y a y>JI y^jyLij 


jl-iaHiVl 

Cjbdlll jlj La-15 ijl JL^tj^l _>lj l—aJS" . 4jylll yj^Sj yic. j ■ ■ £ j utj jl 
4LL |»Lc ( J^ -i T uJ i4_iylJI ^LXI 4 j a S ylc. yytj jl_Ljxj^U y I L^S . 4_yjLjJI J 

yXc. i^i Lt. i l l 4_^_yu .oLLUl _ f , a . ii 4_j_aLS J_yi yjSj jbj Ijl J_ba^l ^L>oL i_£y_>o t g ’lV 

i— jLi_iiJI y-4_j_j V < ' J y J J S J 1 >. l _ rL V I yLS ljl_J 1 1 iX r 4^ j a i » 4jyj yyS i 1 1 

* 

. LLl) 4jyj y^Slj >La tgjL 
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J iAif 


^ I « 4 al. h <1 1 (_yl£.j 4 _ij_jJI ^_5 ~> (_y^ c - jjLj jl JL^tj^l (jt 1 « ^ 

* 

. -. -w i 4 j^hJ|j < li Uh Lla fjMA . JoJ I ^ JLiJlJI isLjoLi 3j_j_^J I i-iljl. 1 ■*• <11 

.4_iJjjj>JI CjIjI jlsL^I (_ y ic. 4-La ,j ^ (J^lal 3 Jua 4 j^LsjJLi 

O-JJ 1 

JupJl d j im" l 2uIjl> ^ya . Cxf> 1 jl j. ^ " -.^ L j, ^ t "ij (jjLpsLljj JjLLxj 

* 

4_uj_>. 4_)l jlj CjLi_j_u>J! (J i n_ ^l 4 _?c_Gj Lj-acJj Ju ^.j.«."i-~i jw i^l ^ JulII 

jj^e-uaJI {jC. jjjJutU l A tjr^ L-Scjj JU Juli’a • 4 _jj JlaJL 1 L^jL^SU, 

4j^HJ! l a i ' i-^>~i 

. 4jj_lj>JIj A-plj a j^IIj 4jjLj^xAJ1 L^jLL-^ (j^a (jJsjlJI 1 g i^iaj (jjC. 4j^jJI ^IjjI •— aJlrej 

.^Jl ...^*LUUj j J rr 1 ^ 1 1 ,JiLa d^Lc.1 3j^5j_LI (J^IjjJLj { _ 7 -i.u. j Mj (JSLiIiJ ^jLu <>Jl4>J 

(j^Sju <^1 4_ijJlll ^jic. d_uLi \j/i] l L^jLia-oj JulU L^JjSu li^p- £y* jjJj f.'$\ 

(^yic. ^-i.ifT j_oG jl t-> *VI 4 i o*C I 4 > (_j 1 “ 'j ^ jjJj j— 1 1 lull rLU I _j • L^. a ^Ja 

4_ul jJI jl jJtl (jLa 1 Li. .I.ii>'i J ,< jl U a^?l 4 ja ^ C-<jL£ I jj . 4_)J_11I (j*a ,JJajj jl (j^SLu 
j_j£i jJtjjJI 4_i xS dulSj 4 hi a Ci-)l£ ljl La! .^Luj l ^1 *111 £-A Sjai-Laiil C-il m . i 1 1 j 

4_oljJl 4 j^LsjJ 1 (jLs t 4_al_>JI cjL»-L< 1I JL>JI La_£ > haL <. n _ ~ ll 4_L^a_S (j^a 

^If. ‘ ■ ■■u *'ij ,tUl J t4j ) j.a i^iil CjljJLaJl (jjji ijr Lc. I (Jn <**! (j^a . 1 » ,i A j 

£,* * L- ■ .'1aj 3 (JLo—iii . 4 _xLu3 4_j_^j (j ^T G Jl^ > 1ua (4_Ia t—ij—aJh _jt ^ rL ^J l 

j i^jlj j! L^a-oaj 4 jjjj>- 4_2j^JoJI (^hL-La 

Llxjj^j 

4j^l_i- . CjLijUJnJ I (JSLiiij <g-i. u i < 1 1 4-uLj^. jfl ll 4_ijJll 1 oLh-o ^<1^1 ^a 

id * . T h J [il l ^ 1 1 h 4JL>-J t ^ 1 j 1 ^ 1 ^ 1^ 4-1 *] ^ h 4-i jl ii iTIj 4 1 a l 1 11 1 1 J» i ■ ^. ■u 

1 £ L a .(ydzj JLj fjja 4j~irt lii^l SjUl 4 1 (i jK i— £4_uljJ1 4 a^ ll 4_^L^j_aJl 

j-lSLJI JJlsGj 

4jj1sjJ 1 (J-« 1 ■-» " a l ^ li- 4 ij ~ !l SjJlS j»Lc (JSwiiu J- l -*■ ~~) 4— j iill CjLi_uaJl (j^a 

. <_ al_^j>vi^LJ 1 <i~ -aj Liaj 

i4jjla 4 \J ~, 1 1 CxjL5 1 jl La JJLsGj 4-Laj <tJ jl j a II jjjjilll ^^jju 4 _jjLxjmSJI Cj I h i^i llj 
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l4j j ) T lj 1 


4i_il3 4 " j ^ £ i ~- I jj i 4 i . s* n 1 ->. 1 1 jli jl>o (_yja 4-j-oJhf j— o=JJj . oLa- jl 4_) jl.. i . " i_ o 

. 4_jjla Sji^pJI iiol^ I jlj i4.i-i A .oLa- 4jjjJ| 

:i_jjjJl (jja (jCuijAJ c-o jru ^-loj 4-lo^ t—i^iLa- 

4_i qla 4 j^j ^ 1 1 1 cal) 4j^_LaJI 4 j^zJI (Pedocal) (JliTjj-txll ~ 1 

4ji>i oL>- 4_ijj iFe jj j->j A1 jjyjJI (Pedalfer) j-^JI ju_JI — 2 

4-o-Liil 4-oj-a-VI SJjLJI JjoIjjlJI ^ l<~- Ld>jLoJicj jljuLa L-Ui tf > ji uu ii i'i (j *v o j j 

. dlLfcj-o-Se-o (_jJI <ALL>dl 

4 r. l_^J 4 \j -n d All a- a ^IjjI : (Zonal soils) i-^aLLaill <_ij_iJI 4 _£. j. a..-x,..a — 1 
Jjjia (_£j_<_a«j (ji-LLo^-jjG 4 a- i ,\ j^'m LgjJ . 4_uLi.i ilj 4_j_a»LlU 4-ohjVlj 4_dj_a-Vlj 

. Jlj- -v . u JLo i —ajj in~J i JLoVI 

j-xitj Ciao (jjSGj L^jl : (Intrazonal soils) 4_LaU-iilt — ( jyj i_ij_iJI 4^.j-a_ a c^a — 2 

(j-o 3 j_i_l^ 4 i m i J-a-l jZj jl i4jj-jj>J1 jj) V i .-i 1 L$ 4 -Lljl-o jjJt-ua (j-d (jj's ~~i (jt£ i4_uaLi. 

4jL^J 4 jljLiI1 4 ‘m » 1 ,1 jijj (jl (j£Loj i^tJI uLAI i 'ijj . ,a~ ,jLS lil jl (^Hl 

. 4 is~i La. i_a jf jda Ci->Q 4 j 4) i lid I 4jj_d I (j_o 4-aLirt_o V i j_j | J-VJ I 

t 

i4_3t_tAG j-±£. 4 ij i > 4jjj LJLA ljr a > : (Azonal soils) 4_taLLijjLJ| c_ij_ill 4-c.j.o.^- a — 3 

* * « t * 

4jijjJI£ . I J->- l i 1 1 rO Lij jj a . 1 (jj^vj J I 1 flj a (Cj L~ 1 to) 4_i 4 j <\ C 4 d t-\j | j jja 1 (j£L«-i V LJLc 

• 4jj_L>JI 4_J-ojJ l (jLiSJ I jl 4 j Lj-aJ I j_gJo LULl (_y5 jlj <i~ i I n Lj (jjSGj (_yjJl 4jjjic_>JI 
, <^ - t^ o jji ^LUIj .(jJJJL-rt>j (jL ojj (jlSLo (^^2 4 jl~ -v AI 4jj_>J| j-4 (j^-ilaJI 

• 4 ii.m 35 (j -C. (JGj ^ 4-Ljia 3j^i L^Ij-jJu (_^JLoj LgjV-Lt-Oj 4jjjvJ l Jl ja.^1 

^Ll ) ^ (^j-^- da i — udj « i *i i Ij 3jl^_>. (juiill!l j i <a 1 1 r. 1 ^ ... A 1 ^Llll j i^aLlc. 

JjLijj^lj (^IjJLaJI J-^3jdl L^-o-*l J^al^il Ji-I-Gj JilLaj 4_a-j*‘i (jjSjJ ojufc .jdaoj 4_i jdajj 
4 jj t ,, j1 I Cj I j I, j ~il lj J-LijJlj 4jj_aJl dajjLoAJIj j-st-Jlj 4-i.n iL dl jjj~j j 1 1 1 T rta . ^ ( j£„ 

.^LUI oUaillj (Jjlljjl 1^1 lllj 

L^Jj <4 - j _iAjVI Sj 1 ^ 1 . ~ H ^ 1-1 M l (Jjic. 3jj^>-jJLl 4^^ djl 4 J ♦ J . U 1 1 jljJtl 4 Sj ~ 1 1 Ljal 

. CiGLill CjLljI ^ If- 3 j 1 3 II 
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lsi si 1 1 


, (. J v Uiji djjjuaX 4 jj jL*-a ilAi.ii>. £ya dj^jJI jj ^ < C~~ 

4 I J ■ il l l -«-*>- jJ ^_J_>J L 4 _dl*_lll 4 _al_*J I < _ 3 J I 4 Ji -> ■ NLI I 3 JL 4 »^jJI Q y ~'_) «-I ImuJ 

djjL^ej jJl AjjJLjJIj i d_jj_^>Jlj djjLJLlIj 4 _uLUj 4j^_> i^lII 4 A C. Si 1 L7 3 , n t^/l dslj-ul-jj 

. 4 .i !" 1 1 AjUsLJuj d >wl 


jj -jjLCij 4 1 * . ,.t 

. 1 j- ^ i ^ l ‘ r. jl i ^"i*A i £*LLLI cJj^jC 1 

* 

. AaJuiaJl 4_aJ^>.| 3^£J| ( _ r ln AaLiJl ^Lj^JI (jrt-JJ ^‘v i" i — 2 

. j. t->l l ' t r i? id-X^DI 4 j Ij 4 j . , ‘il 4 jjlajJlj (_£JLi)l 4 . l-i 4 1 (_ 3 ^X — 3 

. I .-Vjl ,~." il CjLi-llU (j^o £l jjI 4„4..«.<i >• dlLLus £j_il — 4 

» 

4j_ix- 5J,I La . LgJuj£j J*a( _^X juXl i LiJ-l-^j £-uz>£) i~ i (<s-^ujl • i_3jX — 5 

5 at t-< ‘tl i jjjJ ! 4x^4j%xt 


286 



A i i t. J 1 >JI , 




4— uLj j .all 4-t-Lxll (_j-^-3 i(jl i ii iVI JujaNj 4 j ~»-j L>J 1 ^_^-4Jc_a (J ^ mj 

.oLjLlj^ CjLIj_c*j .h jt i j <jjjj j^rc * aj clj-ij tLa (j_a 4-utaJLlaJI l ^ 1 a 1 ^jlj 

4 j ) a. ~ 1 1 [jl mi Vl CjljL>u’i/ 4 > j'n (j 3 Cil j Oj_jSLj (jllI d_j_2L2_j-!l 4_ i _ j .il I cLU_l£ j 

t 

L^jJl UjuiIsJ. 4j_l±JI liilaS' LyjiiJ ijjJ.1 Luaj) u-aA 

* 

. 4 _i£: LiIL>- VI LLbjj^li (^j-Lc L 4 J (j^L) LcjJ i3 J_i J_>. 4 ,. iii.) Lii a >-Lb ^g-l ~r i (j.rc.i'4 

<t^ 3 -i-Vl 4 _uLj^J| (jLlu-iVI -iL-u J iljLs. Sj-laf) 3_iL)j (jLSLi-u JJLC. jljjl JL-aJ 

4JL>- CxjL^ 4 j » j i Li 1 1 4 j 1 j ill jolalll ( _ 7 ic, ^ /3~11 4 a, V 31 j a l f. 4_ar j ~i 1 jJ_L 
Jjljll CjlSc. 11 < a L2 i^K.^ill jLxuijVl I SjljJlc. 4,-Aj i (JfTl iA (JlAj ‘ (Jj- 2 L)j^ 

(_ 4_jjlJUI 4_K_AI1 (jj]_>- (jt-IJ i^-5l La-a 1 L-e.a 4 (jAloLSll 4_j_2 LA J j c SjljJUc. (jjLjLla ^£i 
4_A_uJI JSLill ^usi (^-a j t " «_> L$jdl Ajj-IiJIj ijjljJLl o1\a> Lc_a ojljJll <__alj_u_ 1 _J 

. 3 -AsL>JI i~Aj11 

• |»UJ 1 jjjajJl ^ 1 , LV'J 1 uJjjjjla 3.11 1 1 ^Jl CjJ| J^LLII JJLft 

* . » 

La 1 3 j’A ,j£J i4_cLJoj1 i ii. -n j (-4.1 (j_i 4 ~ m ) CjIj jj «j clj->-} LI 4 (jLm’iVI (JjLaej 

^La 4 1 jlnj I ^jLLi^ 4 jj 3 _ 4 hj 4 a 1 nL>- Cj 1 j-> j I ~i 1 1 *1 xjLai .4 j 1 uKc. 4_a- .j.li 1 1 (j 

» * 

^jLi~ 1 ,1 1 V i4_jjL_i_ujJ 4jjL£ 1 I JL>- SjLAs L^-^jLlu {jj£i ,.L 4 z i J j t_Jl LiljUJ 

. 4 r.j , , , 1 L,$J-L>U jt L^LSjJ 

3 J A 1 1 1 II jJSLAj 3 J 3 J Oj 1 j. j -l L~ J 1 »j . L^_?ejLij I 4jjjijuu3 5 j_ u£ 1 -iI j 1 i 1*1 

* * 

L^ (jr^^ SjuLaJI (^^ja 3 _iiA-l « I SaLi-l Au^tj ijr a_i_Jl (jjl _ jjJI ^ l<* 

1 Iajv 4-jLIjlj till 1 ) _H5-^ (jr^^ ^jjLiJLl 4 _ui1jJ I_<j5ej 1 jj . Cj 1 j-jjJLjJ I ^j-a LtLi-^jj 

1 .11 (_ ;T ja , ' (jo-LlIl oJ_& jJaju i_a i4_jjLxj»JIj 4_l>- 1 ^ txil l 4 4 j . a i—jjpcjj 

* 

. 1 nf *^bj«" 1 L p Aill v a Q3 (j| (jSLaJ ' a .*? 1 ^ j , „ ji 

•l£_?4j>J1_j >^1 1 43i^.^fl (^^3 4 3 1~I AI I 4-a Li iVl ^ If (jlmiVla 
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C.UJJI 

(jlaLlJU (j^o j.jTvi Cjt->U dl^JLxI ^LjuVI L^-iS J-a-*J (jjJI iy* (J-kLij* 

. dj Ij-o L j i^c. SJLulJI 

Si. Ln . i . l I Lgj^A a {jji CjI lJjVIj J-oj frLLJI (^JoLLa lLiLjt "ill di^/jL*. jl3 

.kuLLiJI jL^Jlu 

* C * * 

(jl LcJ_J . \j L$jL_>0 (J-U<-ya (j>l 4_1 f. Ij^Jl 4j7 JU3ljVI 5ji^_J>- 

( t t 

7^\jJ ^ . ~ i I ui jj) . I Jl^- j-x-lS ^ajO dJJjJ i\_jj_Luj jlj^J ‘ 3 j-; i ^ 4 j f, t j^J I 

. CLiL^JjJl <J-ljL4 £yt J-J^J J<V3.LU.I J I 

^ * 

.(JljJLa U>^Lh ^ Lj^iii, ^L-iu^l L^xj-lilJ (jpJl CjLrtill <^3 SjLjJI JjL«-s 

. 4£. I I 4_i.li.u~) L^la 

lLi J_>o . 4— alH-jJ. I CiljLi-^j'i/l iwL.i...i.^L j j olj-L^tjJU (jjl jj ^^lc. J^— 1 a - 3-m Lj (jl g-a- iV 1 
t_j^i>- (jLn-C. — -Ujl ->'- * ~ .al (jr^- *■>** La.^ 4-!ljl 4 ~r j ~i ) 4_al_C CjIjLj $ > ^1 

i3>3 (JJj-UJI (j-tflj Ll£ i 3->L) jI °Jr!r^ Cjr^J 3-J-^ 

ul)JL>. La£ 4 CjIjLi-^j 1 i _ i n uj Ju3 La^> 4Ll)lj.l T..U1 jtjljJ j-lju JJJLluJI e-LLi £>t La^ 

* 

. L uaituli 2600 JliLa i. . 1 1 ii La^a 1963 ^aLc. LJLLxil j_ r 3 l1<j^jL^ Jll*j 

CiLil ii‘ilt 

. d .ill 4 *1 I d-iic.S/1 J j i^ll ^jS/I I 4 J (j^-J -L3 4 .1 1" V a Jjj-LiJ CjLLii]l (j 4 -ilfr . ~ i]l 

3 AU Ijla ^ (j^- 3 L7 4® (j- 0 |_J ^~ l '" r ~H ij^l-c u a 1_3 ^lu LiUjJ 

^yjU.1 i_9^Ul!I (jLliuVI j-tjl-j 

• jjLuaJU ,^>a j y »~ ^LAUi 4j*L^JI i_3^LDI I JlA (jr^- J ‘ u L) (jLaiJ^/1 

4^a^>JI aLJLI 

* * 

■ . . t- 1 l jj i 4 -^L>J| (jr^ l jl j A LI j J— l,-i a ^ 4 a $ a 4_jJa^_>Jt ijLiil 

10 

- (J-uJjJ -* 3 l ~'. t "'3 1 4 trl a L>l1 I 

LJLc. , 4 ■ 4 j -w 1 1 (_yli 4-aLtju 4 -r-jb 4 _i3jj>JI 4>L-l11 lLijIHj jl (j^Lao^ 

jL^jVt jj/Jo c>£- 
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2- j . , ‘j . J t L_>. jlj j.>J I 


(j^~uuu& jIjOjI j^J £. 3ji>J! rl_J,l <l>JUI dLjJLl > i Vi i jl j£>u 

* i * •*...,. 

jJjVI JjjVl 4iilajLa (yi LJL. LiJccj <4jujjiJI jLVI jj> 5 jl >i!l isLl-L I i— 3 lj. i 4 .ml i 1 1 1 .1 1 
JlK: 3jl£i . J Lamp 1 3jl>- ijL/aj c_Jjl>Jl (^45 4^>Jlja dLa ^ylc. *— ‘■ ‘~ ^j *> - 

4 l( j _ -v .ijll ^ j_~ LMjt jljLlal i _ r L, I pi i ir> jja JL 3jJ^>Jl jLil i_3ljJumu Ij al _>al I d j e Jl iXt jLiVI 

. 4ma«JI 4 3 U j <1 ^jlSi < a 1j> i’i.fau'^t I JuSi Jla iljJLjej jl jja uiiji- ilJLL4>J .<>L-LI (jr U 


JjJLmJI Lyli JLifl . l^L^a jja 3jl 3* 1 »MJ j^jS/l (_£jLeji j_ ujLi ^JUaJI jJLfl jLmj^?l JjL. 

jyiil \ Jub 4 Lwlj <jL,u^l jjJj • L&ijLemi (_r ' f - (jJcU J-a^-J L$l* CjI jlaJl Juoj 

^j\£. UJ I j-l iJu J ClLr j-»- u*i~t J in -kj I jJ ja£. 4_Jj Jj^aj ^jJl u jjljlll 4ai«X. 

^(yJj L<3 O I jj J »~ll (JJlA jcjfcl jjaj t JJ, UJI t U-i JUu JJui l£jL^j 3 jljLLol 


(jjSLl JLmjl J 3 1 ill (_£jJSJ ^ylijl jLii.L iAjjJI u>l 1 < ■ ‘ ' J~' 1 <— 1 1 nLj-Jl j\jt 4 ju£ j_jS) “1 

* 

( ji t * . jtJjJ j j ) ^ j_yjL>o J -c. iT. ij_iSl I ^ .“iCj-lu jjSLi dljjj 4-! j a *s 1 1 jja Ljj— oj 4_Jl_». 

• (J Ll 3 J ? 1 n ) JLloJ I J 3.ii I (_£j^tja 


U£ 1 4 o In i 1 1 ^yjs tfLail ^ In jjJi JLmJI ^ 1 1 .~>. ‘ * ^ 4_L4lLLuO 5 j i rx-i JaC. ~2 

, 4 3 1r~l 1 1. 1 Joj4.A > . ‘ J 1 "J j ‘ » j *> -l V 1 j I J 4 J I lf~- JjJj 

lit LUjJt jj 1 1 1 141 JL3j 4 j13jj t^>- jl j. l ~~ j^a JISj j^j^?I 4J j jjLmxSj -3 

* IjJjJI j-a frtj^.1 4jtj] j i~a (jr^- Jg «1 t--4jscj ‘4 jj^ 4.Jl-)LmJI CjjI^ 

!> _g j~ i..i.a.a jljJLal jylfi. 4 _l3j^>JI oLJ. 1 liajJLxia (jjaLAJtjl < JjJLuJt 1 ii i a l. ■ a. j ^ -4 

aL^oLi 4_>JUI jLjII Jjjcj L^a LjJjJl 4_>JUI 4_i3 _g->J I 4 L 1 I I £-A 4^.ljmJI 

• «Li3jj>4I jLlII CjUljo. In jj jj j 4 jjjjLJI 

Lr^" 4 ^. 1 . 4 .1 H Jlj^-Vl j J < j <iijJw>Jl 4, \~i aVt j-a 4, Jr. jljmul Am tlljj JmjJI j- J 

‘ LjJjJI j» JlSj JaLu jlSJ . j j-^vlt JLmjt I JLA ^ 111 4_5 c_jIu j-^iH jl jdat 

^Lma CjjL£ (JjJI L^Jbjj 4_i j . m j. j| L a ■ 4jj se-ii I ^lj_aVl J* •!» d^.«_->.ljj Ji_3 L^jljm>»l 

• t-j. «-v ljj L^a-^La l Jjjiijj I j 1 a j-4JJ LgmlaJu LlilaLuaLlIt 

^ * 

‘ 4 L 1 II I UljjJK. ^jmul I Jin»l 1 JmuJI (. 3l*>» 4aluaJI I t j a ^ j^a |~. ml ->■‘1 **.U J ^ * tl a l ■ a 

. Lil j4sw ‘-Bj^> (jyL j|j Laja 
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rttl 


^jJl 4-jft.i in t ) I j1_jJLI 4 -j.»£ jm-sU 4_ 1 4 ^_>J I flU,! 

. LJjJI j»Lo i 3l_oJI (jic. cjjj t JlcJ I fill Juu ^J] (Jlj-ll tZ*2C-UU3 1 

4 j a m i ^y> La-aa . jL^jVl a jj (JliLLLUl ^wa J-±& (j-a (j^a 1 3r "j ^LuLVI Jjf L»f> 

<-. i .. crti~i (jl (J^ -3 (ly 3 L ~ i ' -1 ■!.' J £^La}U jl Lta^f I aLya J ML r j q iSM iijjjj 

•J4^ 

L aj L&jLLl^ <LLijJI {jjlc ^£jVl ^jL^-a ^j. lc. (jjJLI eLu t-LlIji^ 

.(_yitia-i-uJI (jlj^j>Jl 4-ixSs ^Li3j^l <L±a£ >3j^J eLij 4 jtcjuo4 

« i_2^L*Jt iLijJLj 

4- 3 i~ i U l -lljJtlj i^jljLiJI Lcl^j! J>U. (j^a jlj-a "LlhIj jjLj-ijVI _PJjj jjt 

L^ta j) I /I . -» - L 4_LjLJ > j _ A ] Ij 4^Luj_j£JI c^MjLI! oLLjuaj ^yle. (^J->J1 L-3>LjJl 

■t- 1-1 nLal J. j tn^l jl C)ljLi!L£ CjUijia j_yJ] i_3 j_flj i.*~.i J >• <4 _i f.Lii-nJI (jjJLI 

• jLxC^ .X_i£i CjljLc.^ I J C^Uj.&J 1 

* 

4 J 3 LLJI jjLua^s Jjj-ax jLjjl 4 _^Gj Ljocjj Jj _l1 y>3 (j^jjjLll Juu^l ^Ij 4 1 » . 1*1 (jt La_£ 

JL-coj^I 4 1 1 n't Cj_ll_>jl .1 34 jl jlc j( { jji 4ajLar..li..iiI I 

3jbj \ £ tC. ^Jll J (,.m < j 44_t>.ljwj oI^jjG 3-ltj^Ji ^ JL 4 J . 4 i iji 4jLU J^Li. % I 3 

4jvjL>JI_J (j_a 4jajLflJI 5j)^>JI (j n ~ <1 j Ju^u^l (j^ t2jLa.j-i (_y5 

.jjIdjVI t>a 

CjI^-ljIj 

4 1 nrLua 3j1_^>Jl C1iL>.jJl3 i4^j ^La 4 31l->- l /a i_3j^Ji <i~ -v .^ ^^jVl (jjic. 3j^a-^-a 3Lu>J I 
{jjjjVl 4 3 lU (jjJI ua^LiJIj 4 JU. LjlajVl a 

Lr^" diaLscjj SjLuaJI CjLcL»_iVI (j-a ^^jVl 

4_»_jjil j_ub 0->o 6 LI. I (j-a_J 4-La (CjijLiill ^ 4 j -k II oLxjISLII £ . ' i ^~i ^jJI . ' j 1 n ‘C i 

Sj\ - ,■ , ..‘C Vl ^jjx3^ 4_o- CjLjL^ jlc. (_gjt~i~) <^4_u^jj^jj -LxA j 4_4jLxj -itj-a 

l ^ La -La" 1 n~i ^4 -ij^j -Ll^J 1 j 4_jjIjJl)1 jl^jJLl 434 Ltj-iil^J coJ CjLl^oa>JI 4~L>- G 1 ^ jJl 

.4£4-ia>J1 CjLLiLLilL ^Lxoll 4-aj^Ul S 4 1 1-. 1 1 

.cjLjL-LII 4_^sLl>o (^jJI j-j 1 n<i - > 1 ii C gJI ji ^ 

4-iic.Vt j.j.,1 ».~ H (-lLLi£” i^Ll^JI (jjl^jjJt {jr °i j_j_iu (j;jj>Jt i_aiLiJI j-jj-LiII 

u^- -nii iSj^^h cH^-' i£>=^' 
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J j->sJ I , 


4jUoLi!uj_j 4JLujLo» (JjLi. ^ ic, j-La-Lj-Mj (jiaj^/l tJ} i. C. -iL-u (jl_L^jis l l 

(j-4 5 « I nl_iji oLa-Lm_d (J lg. ^ Aj . SJjJLjC 4_jjl J) J >.j 4_uiLij ^Jj-il (ji^- | ^> 4 4. 3 1" - si. I 

( _ y i i oi l r. ^ .(Jaiill V] (jj-U <4 — JLl^kJI fj la »~ djLLiJI tloLS (jJjVl cr^ > »J l 

. La^cj l^XI (Jlj-i^ ejLlj-g>Jl (j-4 jjLg (ji g, (jjjVI {j-3 (jL-jj^l 

Cjl taj -sllj jl -s i !lj 1 

Jl 3 L^J 4 1 . - ‘ ^**J) 4 ■ ,,il J 1 1 (J jr. 4_It3j-a 4 _uLj ^Ltujvl ^jJb uLlI j_JJt_JI 

(J^ {jr^- * (j -4 (jl - 5 -V W*'* jy-scJ J^j ij-$->i/l flJLgl i — aLLaJLl Cj l^-i tt i ] I 

Lilli diLjjUl I4) (J.uaj 3 j O jj—ise-J I (_jjs I j ~ L s. ~w~ jjjj ^j^-i 1 .tc.~i ) jL^jVI Jlj-a-iM 
* * 

4.1tJ -> JL I £_>L-^J.I ' I jj 1 1 j 1 ^ j. 4 j^La L-SeJjjG clj jj, J Till l-ilijJ 1 1— il ■ 1 J I 1 1 J 

> n ~4 i ( _ r JLxjtlaJ I (jjljJill j_jjJu ■ ■■ ' I Jui .^-gjVl 4 j j_ 4 _». (_jJj 43 Lila ^/L 1 1 (j-i 4 L^jLLi.) (jjj 

4xc.l2JI 4 C i . j . J I £x~>- 1 “^^ 1 1 jUj ^LSJI {Jf ic L&LLSj ( _- r lII 3 ! ju>-1_jj 1 ^ 

* 

. ^4 T i 1 11 . a S^ureJI (J^cjj LocJjJGj l^alg SLp-JI J Lilli Li dJjJlitja 4 jLu 

4..-i.lT i_ rg_4 4 .i j L 1 Cjl^ _i t ill 4 \ j> (jr Lg. 4liv3L>Jlt ~Qj j *1 ^ (jljJj Lr^ L)t mi^l JjLtJ 

• oLLilil Cj L X , a ol^ja- ill (Jl?^ ^4LC 1 _Ja3 c-<.tej . 4-ilSla L^oSJj 

(OLLaUl * ->J 4JjL& CjI \ \ a it 4 » , „ I j CjLLj^JL Ij jLx_jJI (jV (jLiuiJ^I 

(jftji ^jJl) (jLuiJ^I (jl La£ . i . j-S-i (Jojjua oLLUJL c ~ 1 1 l-i j -> ■ 1 1 jjG (jl 4 -jIjuJI ( J7 i (j^_J 

• lgj 4 ( CjLxDI 4 jlflf (jr^ JJ [3 ( 3 -j 1 j -11 0 LL- 0 J. 1 (jJLI J ~- 

(j-d-<jJlj .(jiilijUl ^IjjI < 4 oLLj^sJUj jL»jJ1 (^ ‘ ■ . 4 _ilLfcJI 

* * 

(JjIjjjJIj J n i t il l L 4 I 4 j . i^S (jj4 ^_s cjj CjLLlx>J, I (^3 (J 1 1 1 t j (_^iJl 1 L .-i 1,11 iJjjLaL^. Lua j i^i.L 
• ^J^ nurjl l Si J rs JI ^lc.j Cj ILj ,> vl I ^Ig. jJJJ ^j . u 3 I 4JK 1 jui .diLL-oJ, 1 i?L_ua j^^JI 4 jjH I 

• tlijJlII I-L4J I S J . tJ lII ^»-4i/l ^ 1 •~-'~ (jj t— oui 

uLLuJ! (j-4 (jaL* ] | 

0 

* j-‘ i jl I j j-g. j I jjl (j 1 Jl*j 1 1 jjv 3 ^j_tS 4,. j> .jJ 34^ 4 ISLiitx !"-->• 1 ^ 1 iZjLLLL! I (j-4 (j^aiSciJ I 

. 4 _ 4 L-u 4 j i f . 1 1 i ^ .l I oLLUl (j>» j .‘.< (jlj ' 1 i^i -v - n~ii* j cjLLUJI 4 ■ C i~i \l 3 'j 

4.1 i 1^-1 1 1 CiULajJI 

‘(j-oj^?l i 3-9^ CjLi-a (^3 I £ t„j , o . > iJ 4 L tjjljJ 4 1 1 1 .- 1 1 1 djLLfl-iJI ^cul-it 4 (j^u (jl ■ ■■ iVI ^iai Sej 
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_ ■ — - ^^LuJ I I 

»!_££. i— i-^u-a . Luj->. jl UK L^_3j_i*j jt dl l !nj.-> J.I 1 ^La ^j^lV * j jU ,j£Jj 

4_jJa I 4. 5 j i j- 4. t~) CjUSLLU . jU—lK L^JlLoljLja JUu l 1>L> Lilli (jSaju Jl r « " ■ ■. I (j£L«->J 

. (jr jJ1 (jl® Lill 

jj_c. <-U> j > < l l ^LJI (jyjb diUSLU 1 (j t i i <i"i ^>SUj (jlJI (JSULil ^<ual t j-a 

. I (j » a olKU.1 lZjLjUj £ys (jLj jJJ ibLill .il^il (J-Uu { _ ? 1JI jLUaVl 

aUJj (Jxojj V J - . «. i . . ~n . i t4 rt j, l£ CjUSLLI Lg_9_j_3 ( _ T l!t jj-j- in 1 1 (j^SLj O ^ I*- 1 -! 

jjLj JlSTGJI ( 1 1 *yj LaJs . 4-l3_j_>Jl 0 UJJ i£ t )~ j.n..>a «^U S~ V L$jI LK .4__l3j^>JI »L1I ^1 4j_j 1II 
jl j _U jjj-U I gl« y-i ^jJl (JSLUIb !»Ukj) j. i t~i V 4— xilj_£j jlitt cI^hLUI 

. 4-irc la , >J I j 4_l3jj>J I 

iiiu-Ji Ctbimi 

j_$j VI l j-4 4^. -- L . ..II dLJ.1 Cjr h t . x u\j 315 LJ1 cjUUiII ,Vd j/»l> ~-i uLUVI oK 

(_^l .oLUlSI £_L* (j-aLualdl UlLl-oj 4 j-- L. ... II dUU Cul^ . JjLUi->J, Ij 1 1 1 j 

* 

.4jjljj _^J_p V (^yt-uioJI ^Ibill jj-d bjj>» (jj^l L$5t 

* * 

SjLlC. L^jlSj 4jjld Orr 1 1^1 JJljJLC, j_£j tj i l_^oK |_lL_jjl Cj-iUjl CjLjUjJI 4JL* 4 _lK (jSJ 
L^Lls-j t _ =r i L_L l ^LUlll [_y^ L^jwjK (JjJa jl^ll o jl* 4_>JL*_d ju V ,jU . UjU- cjLLij 

. 4_ulll (j^a bj->. 

J L$jl 4_UJ I (jlc. j_uG 4_jj_jlll Cj>LlLlII (^2 J d «"» . .n (_ylll oLil (jl LK 

. l~i _> -a- a -_j jjJj l^jjl^v ^Lbjl jji VI *4 j^U 

AjjliJI LjLj’JuJ I 

# 

I_l- ■ .■*' a Llsu pi j nK II a_s_* c-iU i i (jJl (3f^KI jU*JI j oljUJI (JIUj (jUojVI (jK 

, J 

. I^jIjmSG (j-oldJ (jK jJI i_3 jUJI Gila] 

* _ 

t-lilj l «H jj^3 <05 U, i~t l i a 4_i_c. LluaJ I (^JollU (j-d j — OK ^ j)l In > ( "i-r i < j-> ) (jVI I — «1 

L^usLusldl ^ If- J JLoj V ‘S' I JLflj <_3 jUJI uLbiJ L- K JJ jjJj (_ylll JjLlaJI 

. 4-u-AdU- jLUol ^jKlllI 0^ L T 2 03^" 'jj 4 

A m ,*A i ClLjLiUf 

j l L iTi 1 1 ^ c. r i /i i --i i lTj I j UlUua jl^_4 jjic. U I ‘vV J^LiJ.1 j_Kt cjUUUI a \ * < w .»G 

(_^f i — CjljJujJl (_j-d i_sVl 4 » ■ la ) — 4Jjyta 3jJL 4_i_>J I wUilSJI (jJi UjUjI L-» ~?r .j UJ . ^.. j -i X 
~ # 

. 4_l>J| oGjKJI jj-lr. V Hj 0^ SjUL I ijt i L- ^f 
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dj * > ill I J J-J 1 j ' J- * I 

^~1 1 d i> U , 1 " , -r-“i U i ~ 1 1 ^ r t-^ 1 1 d < a 1 ■ 1 U<~~ 1 j t Sj d i "w j 1 j 1 *v. dASLitd £JlA lJT < t J H*> I JLdJ 

. cjLiLiiH I_l& V ( g j s> (jl (jS-dj 

a d « .~. 1 1 i~il A A'll ~»- **' 1 d 1 -w j 1 j i 1 1 CjLd_uLaJl (J-ua^l (jl (j j j ~^ » I JLaJ 

(jjJ jJSLiij (JSLiiuj L^jI L*£ i4_ls^>J 1 ,jl_J.l j?j 3jl^j j-o i-iLJjj id-oelil oLijJaJl 

djLij j-±£- f' l £ l Xj lSj& I <3j^ - *— 1 j-*l I j| 

d 3 ' 1 3tl £cJJU j«J>-Lu 3 (jli I jJ td-La 4 _>u!_L]I 3jl_j_d»Jl ^j-alLa-SJ I (j-d L^jl^ 

. l^Ad j d « A.t I oLUUl (j£Ldj?l (J tXal j (jJl^jJ^JI JaLiuJI (j£. 3 JUjljJ I 

60 (j-)} Lij-Lj ' l_d 1 q i a d i i l ^t-\ . .. I d A- oLjjLv ^£i OiLil d <11 <?J uS> 

jLVl (^JCtdJ (jl J> Id d_J_5tiU — A (Ji.1 J ^-,A_>U jLT ^2 J_U3_JJ ~ l ,d 3 jackal 

.jL^l (jjJJuj jtiiLi oLjjL»JI j " LJ .oLj^LkJL 


do-ajAAJI 

dj_j_jJti 4— uLj j a, II d_ljjJl (ji j j-LU . (jl i ii tVlj lL^j -Li ^jjJI (Jl^j_>.’i/I o d * j ill 

. d-^LCiOM d *i j l 1 l^a d jdlA'jll 

(J L d - * i au I (^j-i 1 jj * Aj j j < d.j \ Lj j ft 1 1 4 ij JL) (jLuii.lV I 4_3 jl_^i ^2 d i ij 1 1 1 1 j ~>- j 1 j i 
dJLv (_y3 d*jjll O-i .djjjjJI O jl ^ Mill (J>. ( _ 7 k d..j.->.jJ I CiLuljjJl (jja d i . , "C 1 1 d^jjil 

(_yb 3 ^Sj ^ I id j d laj - m-t 1 jlj (_^3 dAbwLlrwl OjL? djj^lA J_«_i . (jl < nj j/l jj (J-j^ 

d_uLa_>JI jL-uJ I J_>- Zj j I*s SjLij djlj_al JJu-C. jlj (j-djJl Jj j—a £_d - d * j jJaJ l 

“3 ail^iul -2 1(^-1 1 ^ -li 21 jl *v a 1 - 1 ; 1 (j n A\ t 3 Ju JLC d-jA j ( 0jl£0, d i_UJ j_l j^JLjc-3 '(^j j/| 

• U M,1 1 |»UajJI l— ^ j.jj ij -4 OjljJll t— al j-ZL - I 

* 

1— d 1 (j£Jj *d_dl_ua^t (j i i..ii ~> ^-) l_ 3. 1 ^ i d ~ *i j .. i (jlc. ‘"il^j ■ j «~ jlj o *i ■ -. 1 » (jl i.nVI (J^jej 

t 

• L^dfcjLdj (JdJsj U-.JCJJ djjjLj-Lo ol ^- j _ j . « -ll I (j^a l^xi£ (jl (_y^ i-iLi, j? , d-j-uiSLc. d-ae-cUJI (jjSu 

* 

. La j - j A f j (J^3 1 1 Jl> 3 j jA 4jLL*j d i jl } 1 (jAJI ^jjl 0 1 1 d_i-uljJ t if i (jSJ 

* I o jA ft Jj J -a-aJI dljjj IjL^jj/l 3 j j j » t (jLj-o-1 V I (jjAl olj- J J « ~H jQ-iii I (j^a 

daB^JI dLjilj il^Lw Oj^Ajj .Ja-lj^-Jt (_yA£.j L^jjL^d jlaldl (jlc. (jj-SJlj (jjdl 1-i.j.Liiij j 
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jlj-U d - s ? - j r u i£3^41 > — 1 1— i v i £jJ (jr l £. jLujVI jii Laif . jL^ljJIj cilj-LrcjJt ^Lljoj 

. 4Ll « - 0 jl^I 43^1 o t**! Kilj 4 a 1L»JL I 

i^Lj-UI a LLitl l (_ylCi 3 JljJl_C. (jjJoLlo i'r\ 3 4 i_3jHJ1 (j-lc. (jL*.ajV' jjIj 

• BjLiJUl £^jj| ^3 <■ , , . ,. j 

f _ _ 

Li i i ii-a 4_AL -iLU <-Hj L L lII I j 4_£.1jjJI J>L>- (_y) L$J-^ r 1-aM-iJI (_,!£. (j L<. ijjV 1 jjI j 

( t 

.Aifjui^ oi t~ )) (^3 I j j & IjLjjl 

<0 

(^Ulj 4-flic.Vl ( _ r L a (jfil Villj diLLlil 4>-Ljl J}L>- l j^a jilj 

J itlJl JJUi jljjl (jl JUu l3j_u£ 4_r>.^J^_L». aiSLLs 1 6~ i a (jnl V~1lj CjLLilll ■*■> ‘i'i I JLaJ 

• C-lC.jjjj CjLj L illi 4_oi£i Cj-iljjlj 


: (jjjLIij 4 1 La 1 

S^til < — a^LJLJ 1 i _yh (jL-ujVI cjIjjjG j^Lc. (JSLuj .11 (_sj^, -1 

"»■ (— S^Li-H i _ r lc 4.i L>J. 1 CjI iLUl *Luj 4x.ljjJt CjI^-ijLj ^-4 La -2 

^4LLuaJI CjLjIAISI CjLSLo L^aj-Lj (jl (jySLoJ (JSLH1 (_y4i Lo -3 
SSjLjJI i>jl& 4^jj (_^jJl ji"^1 3-4 L 03 (jjj^JI ju^Si (_ 5 -jLj 3jLj * ■. ‘ .“ u 3 ^ La 

S4jlLII CjLLilll (j-o (j^JitjJLJ 4_3 j^JL (Jjirtfll (_y^ La -5 


294 





j tti c. 

4 j •v .^J j j . •» < j I iloU_>Jlj ■ ~ 'I — < 1 a .« II p ^ ^ If- » il l ^ j t-i" mi i ^y*i ** • 

i jl J_>jlj ill 1 lLo_Jl! I J jj 1 i T 1 J- ii ~- .111 ->■“ ^j_4 Jlj V ( 1 At i » i ill V JL_*_4 J LjJ-l 1 l_ 3 1 «J j 

* 

(jlLaJll j j _ rc -t. fi 1 1 j <if J u J L a o Lx-£~i 4 ii l~i ~t-a mill j a 1 1 1 JljJljsj 

. 4 .i 1 ~ltc-Q Cj Ij-LmJL) 

JuJLJO 

4 ij > .a 1-1)1 Ai la ji SjJLjt^a Cj-)L£ 1 jl jLscjJ {J L.I..JJ I j_a-*Jl JuJl f c T u Jj-i^aAl I 

; 1^.4 Jsi (j.ujluJI ^_4-*JI JuJLjgUl 4_iljje_a JL>.JJ • l-^ia ii-lJL>.1 j| jj-4 

.(Superposition) 0 .i.UII i_JiLcJl • 
.(Crosscutting relations) ^ j**^j ■ ■■ Uj ■*! ■ £_LaL33 * ■ ■ " ■ ® 

.(Unconformity) ^ cjL^I^ • 

.(Faunal succession) ^UrJLuJ.1 • 

3 i l~i i 1 i . M «*itl 

. ^ l i < ‘ iii jjj tijJL>.^l CjLijJLaJI <L-i.Lu^jJl 4 _lLuz. tljjl 4j1 1764 d i - j *j" ■ ■■ 

. 1 i gT i-. -s j 3jj>.jJ.I di 1 a i f aJ I i J jv I 5_i ilL3-j-LaJI (^jLc. ^ n^Ia £jljj 4 jI j_£| 

fdc. L ys-Lj J \j .(Principle of Superposition) — ill jj-licLjJi lj J 4 cdJ jt_) ^ 

. (Lithostratigraphy) -uatjjLut ^-...i l 

1 » 4 1 1 i t ia .j.j £_a LfrlLhl i f 4J ijj} •> ifill jj-1 mill JuJLj»o ^SLoil ^j-a ^ 1 1 3J 

S.. I J . 1 - ) 4 .^ i lCi 4 3L&1 t >! 4 4_3 jj_LJI o ^_i laTi-i.u'i ^ . 3jjJ_^_4 (^Lui ^Si £>£1 j 

■ *■■ ^ u' J J ) V- i n 1 1 o (3j\-S (_yl) 3_)L!2 >-ilj <>>U) ' j ^ ' 

* id /. I | n 4 i i *s- ^ i f* . ^ 4 j ** t i ' 

. 4-t>.jJ I CjL ^~ iiil.lj ^1 m^-Vl £_L>1_3j i_j 
* ■ ** - I I ^_Ld-aj (^1 .^JLsVI «-!•*> 3 ~ ■*• t, i -v Vl ~ , ,. 1 1 i a. t . ,, -w S*! 
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£_iLl*JI [J La i 


4jjLUI ^ .La.aj ti-> (J1iJl>.| j^ie-uaJI 


I jlj .(16-1 (j£-4i) l (3 i d {jr ^2> 4__uj_«jj i«3 i~< ».la..3 IjJj .^JL3^I t-J 

(Inclusion) 4JaL^.yi . 1 q < o Cii. i *>- | jj> ^ 31 j^ya ^Lj 4-jjLDI jj -- c<IaL>-l 

• ijjL>.V( <jr ia 4 . ln j j * JL 1 tjl <_yJJ J. i i 'l u j»Lc. JSLJoj 

(Unconformity) Jaijj MJi cjUji^ 


4AJJLS CjLSjIsJ J j-f cj-O j i !~i .1J ‘ '■ j ' ■ ■j" A ir j | 4jj_*j ■ -. ■* jjS> (jjal JJ^UI {£jf‘ * “A 

j-u L (j>5 Uj->- L)l (jr^- •(jic.Vl 4J!u J_>- iliLi jU tjyij UiLfau^/l 

.(JjjLS j-±£- tj( i_$l iCjUj_u^iLj (Jii4j9 

(Nonconformity) ^ ju; . f 


t tg.La <4 _ujjj«j drVJ j} -r-'i-fl jl 4 jjLj J^j 4 jj_jl] !_g m<a j-& 

.(14-9) <,(17-1) JSLi 

(jr !lll CjI j j l-i lUs . 4j j .^. ...Li {jl -LjJ.1 d)Ljj~ < 11 <a (_y ic. t_3 ^_*Jb (jl < tj-ij 

* 

(j^a £jj ^1 Jl^jj *i? 4jt L»^ 4 gldi.il jn -^r-^aJI £ya jlj^sj L« ln°l CjLi^ ~ i . mi l aJub jLlj 

Jl ijjUJt Jjj*. j-oJIj i3j_Jil_jua ^ JLC. CjL^Loj-a ^l*j < _ r jJf CliLfl-i LaJI ^^3 (_j-u 1 1 (J^>J 

. CjljjjLmXl oJJb Juc. S^ilulxa (J^.n Cj L y ii-u. 1 1 0 JL& 


^ 5 . , .,1 j ^LsLLa (Jjl2 Uo J in .ij (^1 C1 iLj j~i 1 11 4 

, (17-2 <J£-Cu) t-ij-ia- 


; 1 1 1 ; 1 ; 1 ‘ r i ; i ; 1 ; i4i! 1 : 1 : ^ 





. l5^>* |^J~ I .1^ 


J j« ■ < 1 T.*l< .j t ..I I ^Lc. ^Iujj IjjLUI 3.1yjq jll ^ . .1 ' 1 ^t-i]i_i (jykqil ylc jJalZJI : (17*1) J£^£ 

^ A/ -j A » . 1^*^ i,*^> \ j ._* n .*L t 4 jj ^ ijJlj J^VI jt.^l I ^ lr I . I ^4>l 

- 1 I2ia ^>imll 4l^o iUjLUl ^ > >> ^1 1 
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Cr’vAfc!"?' 11 O-lP 1 



(Angular unconformity) ^13 ^($3 v .w 


lULiUoL 4j-sl_a j| 4,ifl-Al (Jrt 1 11 VI LjJi 4ljLa CjLiS-Jo jjV (J~‘ a*i Aj^jlj Ojjjg*Liaa 

tLiJA*- La t u j ^alViin’i Cjbj" i 11 U aJtA .(17-3 A A" ~r a CjL>-jJ /j 

CjLj j ) " 1 n .q ij- i < u I C-il o-it-ill Cx.i.ia^jj aLjJLI 3j^_q it. a A 3 U. i II C*jL£ (jl J < )ii .A 21 o-Ul 1 

itlil jJcljjj i ii a (33-^ t (j" * °i j _J t dJjLa Cj 1 ?■ t t-i U Ciliv (_£^3 1 g 3f CjjjI 

L g jlr Clijjl ^ A (jrlb' LgJj-Cj « " ! U Aj^SclUJI J^al^C j'f Cjpl 


. ^g yi i i i U lj-& t33^ Cjl n j V\ ]l >r iii njILa tUi U> ■ u j^," , n a c>.>q L^j^LaA-jl ii* 


• l fair . Cj^jI JA (j^Sia 4 -LjLo >UI o l33^ CjUL-LJI 



■ ijiai ^LiJaj ilSUl ol n . ln ll £pj J ^Aj ijillj i/j'jJ' J4l_p}U1 Jji*j (17-3) JSLi 
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(Disconformity) Js(j3 i i.ii.'Q * — >■• 

* 

4jI JjLj (J-uaLill Lijj-ij 4jj|^ILa CjIJLlLj ^y * -< * l / A 

4 n In HI ^-Lc. Cj^jI I Ijl>. . ( 1 7-4 4_^1_>J I 4_MJjjL*Jbj 4j 4 _j^aj 

*■ * 

4_ l hi ^j_^a £yl \ Iaj& ^J-£. 3j-j_Il£ 4 ft a 1 CjL-o^LiJI jL^w) 

* 

jj T-in ^ J 4_J-^ 1 i-uJ 1 I J 1 J t jj I 

* c * 

• Llj^-oj <04-^f oLajJail 2jjt^a 4-jui (J-L_*f O Lai IrJ Ij *. 4_J_4 jJ| ^£j_lc£J( 


3^I^j 4 wtii (yt^LuaA 


4 j^u JjJ ^^LiJI dL±j ^ lmjI I ul a tliJl jJj J yl iU ^ jJ 1 ^ Ai m . ^^ 1 **(* J » 4 i : ( 1 7 ' 4 ) 

. tJr 2 i£^j 4 ^ it. T I ((jr Lc. 

(Faunal Succession and Correlation) 3tAL.M,ij^u^..,ti 

. Liij-i n i CjH-a-~... ii a 4_3 jL> ,J£L! jjl (1817) Cua-^ aLxLI ^j-u, ti^ a Jl^j La, 1 if 

^oic Ijj .(Principle of faunal succession) 3 c^LlSISJ! Ij^ — a tdJjj £-^33 

^ ' ■ " *il ^_a_tJ1 jL?ejI (|_ySLoJLI (j-ja ^t i .^>ij .(Biostratigraphy) 2^ ,>> «tl a^ Ja l^ J L u I 

.3jlja 3jl_a ^Jja l^pLiLia-aa 







1 m ^B BBBBBBBBBB 

■ ■ HB BBBRR 

a® BB bb bbbb bb h BB 

1 


| | 

■■ 

^■1 

| 

■ ■ 

BBBB 


jPggg 








■ 


















IB 










‘ ~ i ,j j L a Al~< -». 1 1 4_u>J1 cjLIjISJI £j^_i I (jl jj-uL-ul j^lc. ^‘i a 4_p*JI cjLuLSJ I i_^Lu Iju» 

^ lj[j 3j-a j- 4 ^ (jj L^Ua .O-La^-^l <jr Ji, lj)j .(_p3jVl jujL ^ 3j_a-lj 3j_a 

(^1 . l J * a iljjo- 1 ^jLal djl 3 .Fiji {j£- 2 3 lUil aAJt y.J-aj L^jl^ ^-J.i- L CjJL^-I^J 

. CliL.LiLiJl y_uaj ^yjLc Tu .. U |^j!L>Jlt (jl 

i ~ 1 1 ^ i ti I -u. LI (Jjxj>JL( (j^al 4 i. j La ^jlSla CjLo-lLJ ^La-Ii i ii jl ^j * . ~v 1 1 Ijlj 

* , 

(jLSJll cjL2-cLJ 1 l _ r jiLLaj Ij-ax. (^jIxuj (jlSJLl cjL rt .l 'J l jjLa . L)L£-« (_ya 

,3_jLs (_yJj o_jlS (j-a j j sc, i *a 11 (Correlation) 3LsL.m a , ,, . oLl xm. L I 4. L\ , ,, 1 

i(_pDjVl ^jjLj Li!j3 (j-aj ,>■ Cli C j L.t s _~.i.u. a ll 4 nLc - H I Lljjj IjJ 

* 

ijl ^L*. , ,,\j . -»-~ ... 1 1 Lit -r a i_ t !».>- i~a % iHi ^ <.i.all I ^juJI 4 _j^ f_j ii j a i L-u L 3 a \uxxaj 
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(> 0 ^ — 

t ~v . Llj.. <1 c. L^j j t 1 .‘il .i jU (j^o ^J_5i jl wLfl-JLaJI C-oliT 1 jj jjLsej 

lull Life | 

oL ~ i ^ e Tn .ii ,a J -Life . 3JL ■ "ilM -»■” ■ ■■ ^ (j ■ 4 t i .... *1 1 . ~ 1 1 .-> . U 1 1 j_ c t C J-j.1-i-.~lI 

t * * . 

3jlaj Uj j $ Lj jju c i < nj I j .5 .Ah '-r.A djLLij L,< . Jj IjLJUtjl 1 j i^ al 

. ’by^A-A cijli <o L^ij . jj. j . 

(j ^ J. j til t 4 -T.t~Lfc.ii ^Ul fjS jl 4 aoj5v~il) dj\ .5 iLaJl ( _ ;r JbLuaj (jl ^ t laT i . . u- i 

.Jjji jJSLiij dJljJl i~ ilM ~r \ . .. H <lU . iilj-' 


9 

\ I \ tsy { 


M ,.M* 

N »^M‘* 


rv 


\ ,y.~i i * i n ij (Fossils) gh -h" u 

4_j_>J! cjLjLLJI jLIj LL Sb 

.(17-5 JSbi) 

^r" 

(Palaeontolgy) oL>Ls*.i ...U 

LI a Jl 0 J > fe (_£Jl)I ^ 1 « J1 

[ '"N^ I 1 J rt A I i-jluLtii^ HJjj 




Jl I *’*., ^Jv j^^JI J~ax. (1 

hi j. ... I *■ j, cjLLj <jr lc. JV-u^uVI (2 

^ijl 1 // ~ 

. 4 -cjJl 5J1 

j-ufe L^1 ^-l»j_j SLpJI 4_u/ljJ (3 

N 

-A . 4 _^^jJ^jj>J I t ! I 

/ 4 _l>J I ^LLLLIL i ~ il il . .. 1 1 i ^ 

K/w" L_ui Luj t O Lc a a . ~fc -a , _J I l_J L. 3 y | 

C^jLUl ~ 

(>a 4 _^^-<ljji_ 4 .(Species) 

id^aJl (jXx33 4j^>vJi cjLLLSJI 

t^jsi Jl 1 ^} -l 3i „m.) tjy> 4-Jjh->u jilSjuj 

* 

LaLfeJ gJUJL > Li ^tlaluj V IjUfe . d » . .Ul l 

^3-* I .CjIjI — se — 3 u> <JJ 4 ,i ,..(.,<j..iJL 

^>“Jj>i^(^Oi^ieJ.CiUilSLUj:(17-5) JS-i . _ ,. 

juj( Vj a J 1 CjLjKII LjLoj ^ oL L c XtaJ l 
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jjle. ^jUJI JmrtTI 

* f 

(Di- 4 ft!" be. a JL£_Jul l^J Lc.IjjI ^jL) Laic. oLi-uaJI L 4 J ^yjJ) LsjLjI 

. 4 ij« n I j] Lfc^xal jjSLao ijQj . cjLjjJtlLI 1 J!ia morphism) 

I j ‘uLLijil Lyle. £o->*jj 1 3 w '..j..>-jJ I d ^ ^ j L II £jJJl 

Ja jjl 4 j .(Orders) <_5ij ^ .(Families) oMiLi ujusj .(Genera) ^Lb-i 

(King- e^lSla^ Js uj> /M lj (Phyla, Divisions) <_uui <ya (Classes) . 

:Cj15LLi_ 4 jj-ooi- 4_._>J1 CjLLjISJI jajjiZjj . doms) 

.stjj Sjlo-j i 5 u S j cjLiilS' : (Kingdom of Monera) oLuIjlJI 551 .1 

ji s1_jj L$J .<i_d->JI 5ju_rwj 4 j -v. oLiSL5 : (Kingdom of Protista) oL LaJ t 551L_4 .2 

. Li 4 _Ls Lcj3 j 5j j ^.-4 t 

L^L_>Jl 4 -j .Li LsLyLo> .5 fi_» < >.j 4 j_v. cjLuL 5 :(Kingdom Fungi)cjL^La5J1 551La^i .3 

.4jJLiIlJl 4_ul j Ljjl (_gl (JjiLojJI 4 _j1ajlj ^j-3j V t^Kl .4 ^uLjlL5I 

• AjjJiaJl 4 jjlj .LyL>Jl Sjjjlc. . 5j a «^j1JjV5 :(Kingdom Plantae) cjLjLuJI 55 LLo -4 .4 

5ailj c.....ij] .LM 5 JI Sjljjlc. cjL 515: (Kingdom Animalia) cjUI^oJI 55Ic^ .5 

. 4j jJuJt 


(Binomial no- <L>.jjiyil 4 j a . . ."II Qai". . 4 _jj>JI cjLi5l51Jl j i oLLr- ~i ml I < a'ic.j 

LjLtix^ ji ^ ,^jl5 J5 Cjr lx»-; dap* .(V. Lenne') oLiil ^JUJ menclature) 

. i_3j^e_i IJujj ^oj-u! IJLjjj (Jj^l 

I |it lu.tl 

■ a .at « ~ a jjjjlSlj 51. ,n.l i ii 1 CjLuiIjjJI 4j1 j_j ( _ ;r 3 Cj^-pj jlSJ 

. Ljjjl (_pi cjL5-L51j 

* 

h n 1 A (_y^ d ~ , 1 1 1 eZj l *_i LHHJ l ii... LJLc. 1 ^il . i .ii l l J-LaJ jo-) 

. 4hiiiil I Li) j L af 1 
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^ <_ r 3JI iJLuljjJI ^ilj l^l^Jtj jj>rt>J(j j.4 Ti ^_>.^)^>JI («-l— J I :( 1 7" 1 ) ^ * \\ ^ 


(Period)j-^xc (Era)i±2^ (Eon)^_aj 


O^-LC-4 Jl^_>. 




M— *j|j lIjLi _uJ 1 SjLx*^ 






>— iL_lJ'j j^lxll j^i> 


j^io *oLijiJ1 4jl JLj 

j^Ia * lIi Ljj^o j_ 1 j 1 jJ 1 

4 jJ~L>JI 4_uLw^i,1 CjUIjx>JI 







<_uLc^JI iZjl^Lkljl j 
4 -uLkj^* e-lLui. J'jl ^Jj^J 


CaLi^l^ail j j- j -'-* 
i _ r 3 j^juLk j • --'CL ifjLw^AI 
IjljJ-jjjw. 


CjI j lIjLj^-3^U I 




(Quaternary) 






(Cretaceous) 


^Ij^i 

(Jurassic) 


y-'lipJI 

(Triassic) 


(Permian) 


^r>^ 1 

(Carboniferous) 


(Devonian) 


(Silurian) 


(Ordovician) 


tSj ? « S DI 

(Cambrian) 


(Ediacarian) 


L^jjj L ‘ " l t l 

(Cenozoic 


(Mesozoic) 


(Palaeozoic) 





































- - . jtliC. ^jLuJI Jt<i till 

1 < .ill <. ; ii.ii. Hn> > ^lILaJI (ji VI £j£LaVI .1 1 CjLajIIjJI O-ij^Sj 

C^jLA IjJ 1 1 ^ _ l tfvl t l_£jl (_£ I .^_a_*Jt gj ml ) L^J gjl J_xi_c.ij 1 j^-.->J I aL-uJI g^js 1 ^])Lluj 

• Cj Li L > " 1 . 1 1 1 . 1 1 1 . 1 1 

CjLj-JL>- g^l <jJL&j (Eons) JJ-*J (j-I] (jj mill _^_«_*J 1 t..i,t,n l -v. ^J^_>_->J I ^ m 4 j 

(jJI ->>£*Jlj .(Epochs) 134c. ^ Jj jj^jJI j .(Periods) j^r. .(Eras) 

.(Ages) jUc.i 


(Eonothems) ol.« „a >o g^ll cjI ii *tri. II ^ t ( _ ;r >-_jJj_Aj>JI ,JjI_SJLI g^A ^ 

d~ ,.,', 1 (Systems)S^i^i aX&j .(Erathems) C . 1 Lc ^.c-Te -4 oLaa^cjJIj 

.(Stages) Jjl^ia (jJJ 4 _LaA‘Vlj .(Series) 


jjjju _i a'C II j*UaJ gJ_jJL) LaJLicj a 4_jlaj Sjli g^ylu i_$j.ja < \,ll jjuXC. Lajlcj 

. ( 1 7-2 <^lis) (_^^>.VI oIj^U d.L^'JLi IjlSLaj t_gj 1 j.'vJI j .is\c. Ij7 j& iit-yuj-i g JT ill cjLi^LJI 


. 4 x>.jJj ; i>.]l Cjl _ l>._jJI *( 17 - 2 ) 



3 ialji*i. ..1 £j| j_n.^ 
3 j^ j 1 ■ .-■ 

(Eon) 

(Eonothem) 

(Era) <ALv 

(E rathe m) <£. 

(Period) j^r. 

(System) ^.Uk: 

(Epoch) ±$c 

(Series) j^oi 

(Age) 

(Stage) 


j- 4>J gjVl ^ " -v- 5j-j I *C 1 1 CjIjI -r_~._i.2l JJ— 4jI Jj j_La gj^-^-l j . ~> d I i j ^ “ ' 

■.^ .s-w (^1 p 1 La j .(Phanerozoiceon) ^jjjULaJI 

(Mesozoic) .AajJlSJI 3Llj>JI 4 .a-*, (Paleozoic) ^j^JLJI 5 ,a- >- 

. <iu jl>JI «l_L>JI (_£i (Cenozoic) m . <.l(g . 4 In . .^nJll 3L_>J 1 4 . 3 •> - 

^ j 4 j|jLj g_>L>jVl g^Ll JjJu-slJI g^>Jj£j l-iJ Ala 4 -jiajJI SjJLaJI I'noia j 

jl . (Precambrian) JxS - La ^jjl^SJI j < ^c. ytj (jjj^JLJI 

.(17-1 3_ALa) (Cryptozoiceon) 
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I J-^ - L<» l 

j fj t - 1 s\ 1 1 ^j-'O 1 j ^ i~i l i g*C ■ jLjxJj 4 4jjL3J I ■* 3 1 1 £jj> *j i i C _ i j-4jJI tjL& UJ^ 

jjjr i^aJl ij^a aj .j X olSUii.i LiiloSj < J^tli! (j-o 4_JLc. CliL^.jJ-J AjjUJI 

aj^sxL^a . Cj^Li-l JJJ Jjj>oj (J 3a JL->- o L Lo j j Cj _ pG ( _ =r IlJ 1 <UjL£ j-Jlj 

cri^ 1 £j-Ol£ £jJ-> uM * j.1 ACli a i pjIjUJI <_J£ (_yii 'oy £&\a 

(Pro-^jjjLij^-LlI j (Archean) |q-* 44. <u ^ n ^ j . j.L> 4 ^Jl j ) i .£$) $ ■ * * >-^-1 I 

y c. jjfA 4_j_iJj^?1 3 jLii LoJl yysK-t^a . 0 1-4.3 >■ thj^L) l e\ i a ‘terozoic) 

— >• {yA 4j^-C. (_5 jlj i~ A \~, a! (jT i- c -J 4_iJaj>-U 4 3Ui a tJJ 3 4- 3 i‘i i < v~i a lLo J^JI 

. ^ jja j_4j 4 I l j r 4a_u J <2^^ d iJJ ■ "J3 j^ic_uoj <1 _i mIiLj j^icj-o j 4x3j_)Lj 


L& jj\j 4^»-jJ iCjUiLjr~.i.u<a (_£jj>o L^jLj (J^-3 L« JJ> V <<S ajjie-LO jlluAJ 

# 

^ oLi J^U I ^ <fci o> LJLc. O i, . Lp.id J I ^ l t J^I 4 3 1~, ~v I, I 4.. j - g .jJj-L>Jt CjLlLvjJLi 

:4jJLJI 4_u>- I yj m * !l lj~l -»- i| 

1 1 y r ry.i .. V I (Cambria) i _<^u— a» 1850 4 J. 4 » ■ ( *»- ' - •• - ■ ^ ^ * y y < ^ c 1 1 o 

^Juu LgjjjoISLII ^1^3 Lo 3 J 4 C.B (jJjVI 3 I 3 U .Sj^a CniijJ 4(WalCS) 

CjI j dilj^JLaMJI , (. 1^3x11 4_u J^a JaLuVl djjjt_LO i _ 7 ^ i2ifc_> 4 ( 16-2 jJSLii) Jpjl 

. u-3l J_ua>VI 

. i§y 1 ^>*v 1 1 L 4 LC. <_31lru Cj lj 1 •»- " m <n oyyJx-us j Jjj VI • 

* 

_li£. 1 — UO J ‘ r -1 -■» ■. tl j- ~i I ! l (— i-3jJI (^4<lj Sj-jy-aJI Lt-^-J f^J LS-^tj <Jr 3 4_3 .tlfC." a 

4 ( 17-6) (JSI 4 I 1 4 L^l 3 jJi>.Jua JJ a n 1 1 C^ortj Jl4-L>. 4 L^L>- Jua 

ijl^ i CjjL£ 4 l_ i j 4 ^o_ul <— 4 -lii- > . 1835 4_LtJi 0 La . i.u ‘ LxJl # 

o^Lfllj * ■*4‘^- a .^->-lj) 4 _ r 3 4 __<_ujLjJI oIjLjij cjj ^ 1 -S . I^jJL>oI ^a 

* 

L7^ jV'I !>^-b 'M-a J BJLc. 4U^aUa^ JSLi (jrlc, H- 1 Lr 2 iJj^- • 

.((_Pjj 4 jjx^ui jIjjj (Jjsk.) jCiii. £ya ui^J <^P" JLa-^ 

*— *1^1 . ‘ 4 1 ijll 1^ , 4 4,1 ,4 1 i . \y J 1 •> ! I j 4.« V> 1_4 ? 4 I 1 4 il~V. 1 837 4 nil < 11 J. 1. ..*< A ■ .. ) . til 0 

* * 

• 4J5'L>. 1 J-L& CjjjiaoJ 4plj L_sLoila> 
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J - j -j-'i 1 3~* * 1 ■■ ® 

oLjuLij dj V i i 822 <lLu 

^La--.ill (j_a d_£Lj. 


i a i » 


4 b- 7 ^1 cr^ 5 J — « 

■ i^LC. d_1 .IX" ^ l*~. i-k. 

4 im j nl j ■» : Ur a_^_»_JI ® 

d_« l-il. JLo i . . .. -v. ] 84 1 

£_Li 2 _a 1 .*1 ‘ J ~»- 1 — 

JjV 

.~Oj-A 


c ul « !/lj i ^ j>d] i .dLd : ( 1 7 - 6 ) jsd 

4 j 1 *^J 1 ^ t j j > i ^**JI 


L^Jbl JLj CjLjJlIII dJj-^ii JUlI < a d_ lZ-j>JI jJL 6 JliJLLa duL£ (jjjJI 3Lo_>Jl 

( d i a ~xj I 0ju$ dj I jjjua jJj jJ I dJjL_u_j .(£ji*JI (^^3 jjJuJI SUaJLaj I j t-» . ..j j^xLaJtj 

oJLi pmiii .oljLiJI j djUI^_u>JI (j-o diLc. j-a,.->JL X ijL> L^jjL^j 

4 jMj (_y-lj d uL> 4 l 

. l_uU I (^,.3 4j^Uj (j_a £_iLJ 3 < i i .1 ~v. 1834 d i < n 41 ^_i_«^l • 

. dj Ljj ~! 1 -"' J . I jJ 1 j dlLjjJI j- i-tJ I lj_ii ^3 djj^jli 

* 

LoLcJ d._i~w. (_gjlj tJJ JL>. d<_i 1 1 jj; t_JI d_2ixLaj tl_3jjJI <^-3 c-cui^La 

< --> « 11 t JiA (_y3 i_ (jJjVI 

(j\ la t >43 J y3 Ojjie-i-ta ^ t-M .a . (jJjS^I ( j}.>-‘-“ jJLa-d (^,3 jLjVI 4lt3jJl>.l La^ 

d 1 - i- i 4 j^_5cj d 1 < i I ^ o k» » ^ i . ..^~ dj^_i->- dll— * jLjj d— ilaj d l^qLL^>- 31^ * ^ ^3 

^ji. !.■■%■ II {jjz d<j -a. . .. <~il ^ i U. (jljdJl (^^3 j, i t)l I jua l-a i-uljj . d _i ll-i Ldj 
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U- 4 ^ 1 

ijJj'i?) j i f . nVd 3jGx« lLuLS 4 -.»,-,;„u Liii CjL-jr i i u d A .. y i. n jli j-l w l j Ls_a 

•dlnJI Cr l 3 . Llj^ij 


j«-i-uVI O- 4 Jjl 1 1 >-,-■■ 1 (Jura) < J 1 I > ■ 1^ 1 H I ^ 

. L yDjS}\ OJ a JjV JJ — J-LaJI . 1799 4-Lm 


-i-u : ^j_uj 1 I 

_j — aj-i> 
jL)j_ftA<aj j )jJ| 


JLa_d (_yja jLVl (_yi j-.i j i4_tisjL*JI j (_£jl j (. kjii^JLa lJ ^2 

* 

LJLx 4_A>sLLi_>.j CjL»jL3j ^ya CjLj-iSjlJ I J JuS jjJs jjJtjua (jj )‘\~'i .(jJjVI 

Ljjj— (J ij—fcJl C3^* CjI i i iij-lll tiUju <LjJljJ_>. CiLj-aIoj 4 lLoj 

• i ill *4j 

4-Li-u A a i ii .jj-iiu-iLs «*ia (Creta) 4 jAiyUI 4 a K 11 ^j-a (J)~ i~i a ^tu-uVI : LjJj^-! I • 
4_u\_jJiJl Cjl_£.^_a_j>J.I CjjL^uJ ij7 2 Oj-a J j"2 jjjuJi 3\_Li-i_a . 1882 

i_p— . o 4 _ t > J 1 CjLLiI£ 2I ,jv-a L!iLf-j a 3e a i~. , .-^j, — il d ~ 1 1 ^ I . d "jl ^ i ^3 ^.Vl 

. Ld>j_X j d) Llxjj-a V l_a djlj^_u3j_LjjJl 

l3 1 J — *J 1_3 ^J_ 9 ‘ " 1 — a-£ (j^SLjj . jj_lj V 1 ^l~»m (\-a 4_». I_i.,i_a t (jy-^ 1— l ^ t-i » i 

* 

Cj lj ) 1 (JjLa_J > J d)-a_9 *(_yJ-i-wJl 4_ij_>. 4_i_aLLi3- d_u_j_uyj jj) _~r ( <-*> (IjjO LJLx U> i ■ . 1 aj 

tSjd J) * j iu ^ I 

djLjLLsj di Lj2 lya 4 j -s Jl djLxjlSLIl (dJL)JL>JI SLujJI J < -^ « II Ijus tjr 2 dl j. . 

* 

• LJL^w 3^-iiu!LJL l cjLLjISLJI ^ ^ * 

.(Quaternary) ^.Li>J 1_5 (Tertiary) d^JI ^...3- 

Lajj d l a JLjl>JI p ; , 1 ,1 1 .3 dij- -> . (1700) ^jLJl ^u-uVI ljui> (_l^-». n ill (jji Jji 
Cy 6 <_J_9 • (Montes Tertiarii) [_yjyi2iJl $\ a m 3 »\l L^l3i_j l jV 1 *» . i n L.. a t diyii ^j| 

L^° ** '— J I— >■ Lm— a j^e_ua (^jTuu . 1 833 4 i i ii j 1 --* « ' ^ • n' ^ 4 ' n «~ . .. 1 

* 

^ 1 1 1 n J • 1^ a" 1 1 1 a J I j Vj y i s ic. iij .1829 4 i i u i.i.aj j diaJcLiu I I : ^x. IjjJ I 

lIiIjJLSj 4-),t j'-w CjIj-j_ 2 dpo o3^2u j. .Af jjiij JL^X I^JL^X 

* 

. 1^ a~ i ii a Jlj Vj 4 _Li_u 10000 IJJ jJsj tdiilj 
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£jL^JI jj i A n 


(JJJLail I -Lj, I Vl 

JjbeJ (j^Jilt jJLa iju nj^ i i. h )Lj j^C- j-> JlSj JLLo (jl_t«J^/l (JjLs. 

* 

. 4ji.llre-a ^.uLiui dUjij .. ^ a j ^ lr j^Lxi (jlaj Vt j-^- JL)JL>J 

jUt-JI (_yb 4_uljJI 4 _i_c5 uLl 3> <Jjl_>- (Va I j_4_C. l^Lo 

4 j <1 *s OjjL_S_b I (jl <.n~i (jij iSjJltv. djL5 L 4 -&L 1 .X (ji L y*j -^ Jal ljIIJI 

jbt-Jl (_yij l/lll 4 lA^ J jLgjVl (jj^-Io (jjCL Ll? : -- J 1 it I 1 1 J 1 

jAh ‘J J> ^ cr 1 ! £>L-«^' (ji (J (j£J . ^ .jV I J_<uc 


. 4^ujL 




i"< i LiT (_)^3j^l (jl ji— i (_$J) imfl -U^. i_x J t (_JjUl_ o i—l L i n •v (j^ ^ <c J 1 I n, 

jLLAj^I 4 •*■ j * ■ 1 (^lajV! (Ji-I J jlj o ~i i .iL (j ^l*i 4 jjI^_>. 4^LLa (jl ^iJ jjSLJj i 

i. i j i ,,^1 (JjL*_a j_d 4_jj j_ljj^_I I i ~ il i 1 1-» 1l j f| r. i_jL_u_>J dlVjL^fc-d i_£j l_I_<£> (jLii lLUJl^ . j^jjJI 


(jjJI I i-j j-i uJ (— o-uljj^JJ 4-i.li.J I 4^1_a_uJI _U_L>o t(_gj-LmJI ‘ ■ ■ i J J ul>: JjJLso 

. j^JI i. m . .ijJUl U i i ) 1 jj>j jlj <Ti i »Lj (ijJL>o 

^3 4_jjj , ,)jJ I I JJLC. J>L>. (jwQ ^LijJI j—ucljJI (j^i dll 7i iU J a C. dlJJL3« JL9j 

(j_d 4"t 1.1.JN. dtl A ll~) J nC. JJL>- l_4f> .(17-7 (JSLuil) (j 1 niUI i~'l n , l-. 1 ? 1 Aj. if j jJL>JL1 Cj]^xrc_l 

(j^_J 1 1~ ■"■! Ij (_eu_uaJl (_yb ^j-c, .i ] I t— a jl (jjgri jLsc-iVI _5^<u CjUil ,~>- 4 _ljj1j J (JjLa- 

^jJl i_^ji L«-o i JU>.l_jJI (j^Llil (jl U <11 (_y3 4 jjJlu 4_p.l_L<3 Cj1j_uuj 4 3b. j T u <j_a-Ul juLiJ (JjLa- 

LL-Sj J_4_Ut dll ■ al d’ljl n a dJjLdi- (j^O t-.". . .. . (jjlaLlil jA.lU (_y3 um \ — «_5_a 

{J jJl oLS-ilaJl j-^c . j 1 j jjjjh] I(jjI_l 5JLI (_^a cjLlsIjlIJI L&jc>o jL^diVI 

. l^ja La Jl>o 
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O-tP' 



* q L_U I l ^_j /^-1 -jjJI r.l s .u :( 1 7-7) (Jiji 

O&M V jl ‘t^j-a-us (jl-«J-Ilj ^ISHI fjA SjjJL^e-xs CjVjL^m ojui> .-.j 3 j 

£L*_u»V1j jUojiijVt iljLjs- j\_ax3 Jujlj>o ^ V) 1 . ~. ,.. ' 

•*— lL ajV% Jlj ji^t_uaJl j fl r JjJ_>o ^3 <JLa >~ . nV t _aj-L^il lZl*-u3JJ a ‘ I 'Ijd 1 - . Aj (~ jy 
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— . _ - - ■ ■ ■ jol£i £_jLujJ( J 

j\ Inni'itiTLi j-a-»JI ju jlxj 

. 4..iri_-c^i dlljljLa (^jJa JJ j5 dlLjj^3fDlj Ja^u^JI ^yi 4-j a SjjJI (jl i— a^jj 

(MflSS nuin- (_ j.l~5v 1 1 J J.« II ^,^,,1 i n bijJLC. a y ~a idjbj^p-jjj djlj^jj^j Sj^jSLa 3l 3 -Ulj 
jl 4J2SL1 4 Hu i 1 Li Ijl>. Sj-uLuo ( jj^ii£J , 2l 4 Jl»S (ji t L^ jI^j 4jcS SjjJI 4 '"^.'a (ber) 

1 LiUJJ i JJlC I $ ) (j£, 4-ilj_>Jll j-^3 L’.tJ I di Ijj j-j-4_i Loj 

t t * 

j_,^. 1 jl !1 I jut, lijli Ljj Ijjlc j »^ic J£J ^1 (_sl (Atomic Number) bsjjJI jjuJf 

jj-aJI (jl (_gl l±U jJb dlljj djLjjj_~ -u JJL C.J ^_ioLljJl 

238 " 235 

. L&j-UlJ U * U (Jjjfl dxllj j^C. Lgjlj j djljj^p-U JJlC. juuzVic. Jl>.JJ (jSJ .OjIj L$J 

Li J Jj_i (_s I IpUj^I u jjju (jLuuJI I g i ‘n * 1 (j£. uaIIscj (_ 7 -2il j (I diljj ^ --■ ■ 

ijr&J 14C , 12C (j_jJ^SJI J — tsi if j-tLbi <3 ljui> (ISOtOpes) I I 

(j^~>«.ill I j ) jj£. t Hl-aLj j 6 (_$jjJI JJLaJI (J-uaj L^J (jV (jjj^SJI JlJwL j is\j t.,1 oljj 

. 14 ^liJIj 12 JjVI i(_jJuSJI Lajjlc. (jja l « 1 U j i^IjJI 8 j JjjI (j £ 6 jjlc. 

(Jjia JJLC. >..lr> 3 °i . 4_jjLj — LiLibu j La£ — 4_uL)j'i/l 3 j-u.JtJ I (_yj 0J 4i~ i U j_L£sLl*JI p L. « a. 

* 

421L ^1 1 <j_A ^<ixu3 (J^cJLjj t LLLaij I q ~ jj 1 1 j L L ~~ 4 CajIj j jT. j_i-oL1jlJ I (j-4 

1 (jjLi, ijl jj-ilja . * < -> ~v 

. c - j .'-'ll 4£._^uu X 4l~ & ]' = 4^liaJI 

. ( _vLj'i?l (JL-Ij (j^ujj^JI 4jjIj^hJI 4-3LLJI jJLuW L^j I iH ill 
; l^i LLib- l* ,', lj CjU JL+ms* 'j ' a ij^uaklc. Cjljj 4 jjjI j L ,~, i~i la i i r. 

0 jj (j£. 3 jL_£: 4. a- uu> JS .4_lj>.j^ CjLaa^o. ^j2> ( a Particle) UJl dll a j mi -fc. - 1 
i(_yiaxjJI b 1 ^ V 5 ^2j 4 b ftjj a (j-A 4 j_jSLo L^jI .^jLLj-6 

.4_ubll (_yi3 di I^L a^JlSLI 1 * °iV I J^uaj iljL>- 5^ j 1 ^ 4x.jj-j 1 5^ b i~.nl. I dilj jJI 4 j^jj 1 jj_a 

Jlj Jb>- j Sjj LdJI 5 _ a -u- u_ v bla ^j-LLa-Ij (^41 3j U A ill 3jjJI (j Ji OS^i. 

: jlia 2 1 1 4La JSI L&JJLC.J 4 1—1 ^Vl J i^iiill (j bO l JJulH (j^a 

l^-T^ + a^ 

4j^j I jj^j j^_sej dil j j j II (_£ I 1 d , H , ., lIiLuxiO' ^jJb • (B P&rticleS) L i. j J dl l 0^-i.n — 2 
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u-lP 1 — 

OlpSJI ■ jJI JJLjJi JLjJjj « L<u£ (jia^LII JJLxJI I jJ . L^jIjI JLus (jus (j-aJj CjIj jjl 

* 

oLsjjjjuj JLi-l (jus 

K 40 > Ca 40 + 0 j}' 

-1 

^ LjI>. 2jui»( -3 

. c j) < A , ! 1 L$Jj (X- R nys). d i ‘ i ... II 4,« Mil VI a i .^. i 1 3^-ii-nfi 4- i i uj U L i i ajj-^ 

* <^ujLj S—t—iiiJLI j_loLL*JI j-j ■ ^ J J-jJ jUi i7i iVl J J L x ./a jjl (1900) JjjJijS jj JLjxj 

CjljjJ! jjLij SjLLI ^ ^ jumjuj < (X) jLLn i~i i VI uiuU) (j. -i - ■ i jj 


dN 

— ~ N 
dt 

— = - X N 


u'cit 


dN . . 
— = - Xdt 


X. N Cjl^ldl jjlcj i ■ . ^ViTi dt (jii oj ni ill dN cjljjJI jjx. (j\ 

. <-u-iLj ^ <(j-«jjl SjUs-j (jjS j-U.~,i_i ijaJI jyj 

: 4Jjbd! (^j-La IJ7 ic. Jual£Li!L> 

241 dN ,t 


rNt dN .t 

f — =i .-Xdt 


No N to 


rfi Nt - /n No = - Xt 
fa ( — ) = -X t 

W 

Nl = e -X. 


Nt = No.e 

S-iVilj 4 « m i U 3jV-U t_£^>u (jlll j-a£. <— <-i-aafcj (jl ^-ilau.i^‘i 4_] jLill a jut J jLj>. (jus 

,j|^ SjuJjJI 

XT Nt 

No = — 
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— ■ jkLc. 

^ CjIj jjl i ii l jJljuo — t '^• i 3 s i‘3~ a (jhJI 4.*_JmJU ellljjJLS 

Dt + Nt = Nt : jlJ^JI j ‘ t « i | oljij cJlj 

CjljjJ( .1 JX. — No. <j-cujcj jjt !n~ ,,nij dJjL*JLI (_y!a L 4 jj. rx J 1 3 t (jxjJI daxib 
j^juxLxi\ CjIjJ JJ-X. — Dt Julj <LjsLJ 1 oljjJI 4_LX = Nt i j 3 i^s = t Q jjjajJt 

. JLjJjJI 

L-4 ^>—4 /111 I 3 J_9— >■ ^JLl CjIj jJI -SJL-C, 4 3 1X1.) ^ t-» «J (_y " JV f jMJ! (j_ayll l_jl_tu_>. *^i Ia3 . ..'» 

. 4_3jL*JI 2JjL*II ^1 ^_axJ1 jl j-ajdl i 2ixi j <jxj ^ a Mijj 

CjIj jJI JJlC. t 3 ■ ^ i J t-i -~, m Labile. 

n.= 5 n » 

N,_l 

■R„-2- 



In 1- In 2= - X t| 
T 

-In 2 = -A.t, 


In 2 = \ t 
In 2 


i 

T 


I 

T 


T X 

t - °> 693 


IjJ 


t 3 i j t Jjvlj ^ 3 . ^ ‘i j.^i^ Ju u jJaalijj 3j^x^_U ^ i 1 1 J I olj j .1 JX. t 3 i x\j (jl ^ It j l_LA 
. I j^Lij tiJlj jjijnj _yaX. Jolj CjIj jJl JJUi (j-aJJ »ijlj ( j, 3 i ^ i i j_a£. Jjlj « 3 < <-> ti l 

16-3 iLajLa} I Ju>. 4jjLyx 4 j_2j-LI jj-oLL*J) jUxI i— B l i I 

•_J t-> i~.‘~ Lx ,*yj 4 I xfT Cj 1 Jj (j t JlIx jjxyj I 1_J I l Il ~w 1-1 ~ l tMl LL I ^ T u-LoJ-) i J)I iM Lax 
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(jl^jLa-UtJI JL>- I jlu (jl t_<Ju I jJ . JL_J _jJ| j 4_i g&j 4-j_3Ll 1I 4 j a *) Ltd jjC. 1 j] 

• 43»jLL L-J J. in~lj (jLj LrLli^l (j-a (_£^ ^ LO .l ntO V (JjljLa fUoj JliJjJIj r Vl 

* 

m *o d. i4jjLUI l *s-,j i*-i -t. j^j_re_uaJI L*- 0 j J ^Ji^yL L 0 tia I -LA 

I-aI L o LsLLaj (j-A-*JLl 1 jiiib Lip 3 i(j~ )u, - ,a ^ ! * 1 0 j t C - l- 5 ^ 3 1 j .' o ‘ ^ dy 1 u-^Lull 

(Jl-olLj jUJ ‘j£jU jjjg. iQiil ^jJuLU (J-uAtjj ^.4.« 11 JO JL5ejJ . dowjLL jl o - lU ill ! ^ . 4 .<.aJ v 

. jy* i^~i11 uJ-* j-*£- 4d»jj JljJjJIj 1*^1 (jlj> i ^ ', tJ 1 

• d)^Ja_j3 Ijl 4 Jjj^_U 1 * ' j ' 4-uLtx.i^ 4 _u_j-ljjj jj ^ - -f ..i,< a i_jLm->. 

i4_j_4LLiokJI 4_u^_ujJI j^Jc-uaJl j-a f- JoJu>L ( _ 7 d 4 _Lj^LJ I jjufc JLajLlml ^j-toa^gj V LUtSLJ 

. *.. ._i . .. jdl I (jjJI j»Jdl jjit juz {jji { Jo_u d)l it. i-h. (V* 

l_£l ,4 oJL»J1 CjL>-jJ dll j Oj j j*CJ 1 1 jLiili (_£jJLl1 jtLwo^fl J^Jaj ^_yjxxajj 

. LaLu joUaJUl J I AAi L^V ijlLwo^l LlLu J.g.u\i I j A Jlo jj| 


<4 ^AA'x -i-a 4o*.jJ jj ( J_j_>o Ifl iL)Ju»- ( _ 7 jJI JoJ->o (J-solLmjj V LgiSLl 

SoJjJlj ^-toLixM t i no (JJ £ jjt jj (JjoeJiil Ijui JlA 1 4 < nii't j * e~ Jo Jo>o ^,'°i 

. 1 4 j L OV-i j (JjOioll (_jod SjjOVjoS dol£ (jyjJI 

: Lov 4J 1 iLl <1 < 1 1 nil £_UgiVI 1 4 L L> i 4-l I 
• 4oJ 4 j i n i dj 1 j^a 4 3K a jUcAjLj^/I lr> ) j^jot_t*aJI j o t*. JL) Jokj d)l^jjjjt>s 

* 

4 J ^ 1 4 1 I JOw. 4j_(_uLtjO 4— ui i/u jLaJtl dll j jl l h 1 1 ■ ^ 1 -»■ 1 1 M ^ . ..* 

# f 

• LijJ Ll-« ^ lisJ^uJ l I^J |^jO i I JL>- 

‘ CK’L-^J _ I^jf— jjj-I*- - jijjJ-jjjjj i (jj-c-jl - ^ 3jiJl J^=tdl 

tjd j—usLUJI ajub (jV (17- 3) 4_4^Ld >L> ^ 1—1^3 J - 

. 4-tj-oLLa l^dl i.-i iljLdilj 
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J ■ * i 


1 (jr^ 4 1 < 1 » * i i ii V I ^jLLaJjl (17 ” 3) 4_cjLs 


L^' jjUil 

" fVl 

Cjl j'lnilU j-udl v 4nVl fjMj 

JU*M» 11 

glLJI 

fVI j >13 j 11 

^ut 
j-»J 1 

4_uI£^jJI JS j 

JyL 1,3 

40^1 

40 

l^,U 

<J^1L| jL> ^Jj J£ 

u>4 48,8 

87 

87 


14 

208 

232 

oLoLii. 

oj4* 704 

207 

235 

oUU, 

ijj4j 4,5 

206 ^oL-aj 

238 

4jj L illi L»4<aj 4 jj< Aill jljJLI 
vJlVJLll 

5730 

14 (^JjLj 

14 


i_aJi 70 (jX. Jjj-J V jLa_c.l JLjJL>o ( _ ;r £i ._j-4JtIL<_u_l3 < 14 — 14 (j_jJ 4_2 j^L> Lot 

‘ *i'~-»-~ 4 _£j^_LJI (jJLi .(4jaj< 5730) ^g-i^aS l4 C J-4U1 t. ^-i^a.1 (j-«j *4-i-ui 

4 i i (jV 12 C I 14 C 4_t44*j i_3j-slj (jl j^Lt3jjd\ 4-i.a^ 4_3j_*_a ,^31 4 _>-Ljw V 4jLi 

< j_>J I oLIjISJI o_j4u Lajiltj . 4-Iutj 4 _l j JI oLIjISLIIj i_ 3^ULII ( _ ? _3 jl^ ill ,jjjLA 

vl > i 4 i , ,, <11 jjjLA ^ya . L_j— sc_i )JU Cl (7 4 i . ,. * !l J_2IL3 <i * 11 j 1 l-t i~u 1 *4* 1 4_cLuj t J L - u 

LLSj (jUll 4-io J-T-J I oLauJaJI j.a C JLjJlj>o ^ya 4_3 j^L 4 l oJLk <J-«— fcILiAij ,j_<i_*J1 

• jfeJl .. (jjuJ^Laj (3jJJ lnf.J t . . _. .« .« m-* - ya ^iajaJI j-a£. JLjJL>o i— jl ^U aC . 
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U-^ 1 . 




lk 5 


^ 1 1 i,i.l 1 4 j •yjJ j ' ->■ 1 1 j j « I I jL_a_C.l 4_ila_jJ,l j l, la aii, (j^Ja Al m ulj-J Cj. 

■ , U j ■ ..11 1 (jir, LiJjJLssJ >>* " « * Li£ (ji Juu 

CjLiLa_*Jl \ j j\r 3 \_l_>JI jtJjl-JJ jcjjVj (_ylc. l. S j » "n (ji ^i~ i ~ ‘ “ > 

j^jr i.-ill J.nf. LJ Jj V 1 Ubj_.it ~1 Cj^JjuaJ L^jLxSLjuj UjjIj_>JIj 

j-d-*J! ji 0 1 1 ,JI1 JLjJ. >J -j< nj CjUldjJlj oLiiJaJlj 

.jjit-^al! jUn U 

i ~ 1 1 .i . U j) jj_a:_i..a OjL£ I jl JjJUSsj (_£l > JJ *t- 1 n 1 1 (_ yj . mil l j-a -l 1 1 J-i J "» iJ (jSLdJ 

; 1 j ^ & | 4_iUitja j j- U_i i jys ^ ! j 1 tij Jl>- I 

I (3>^ 3jjj>.jJLI i ** 1 1 3 j U 1 1 ^jLc. (j .'Ll l-i £jLi3 (jj-3 4jI ^jLuJI — 

• L7^' 

I 4_jlL>L 2JI / .. VI jj| ^ i » i ; d i ->■ j 1 j j ->. 1 1 Cj'ljj ~ i > 1 1 13 i n •%. VI ^Jol—33 - 

. 4 CL j L-, n 1 I 

(jjs Cj\ 3 iL> j jj se. < o (Jja3_oj - ‘ J ' " J " X 4 3 1 4jj_»j : (jjjijjV (_gj)*i ...<_a — 

. lijJjvl ^ ir. VI .~il 3 .U^a J* JL3 I (JiL_uVI 

1 j 3 jr.iAa.il l_AJj>o 4_i_>. oL3K jljl jl LiLoj . ~'l*il-i - ", ...It : ^ y jUr,."i. 1 .u-LI ^-illlJl — 

£-Jj-iVI £jjC. dj_uu (jjJt i (JSLl <j->J! CjLi-iLSJIj . 4_u £juuj } t j^^c-uaJl 1 < s^j i -w. 

3 j-a U _ j jjJ 4jl_3 Lpa j_3j! I j|j ^Jjl3 3 jl_>-Ij 3 JLdwIjJI I 

* 

LUd L uuyoj jl^ 1 u ^°3 *■ ^ ^ Jikll <Lul_o>Jl i-i-pj Iji IjJ *L 5 j^“i 

<■ * * * 

(_ 7 jJI O La iUiII (j jh ^(ji Lc.I_jjI (_y3JI i* il 7 \ . L-» !l ^ ■ ... ‘II ,.l i ^ I 

* * 

• \ i ■ X*\ A J . \ 3 ->-V Cj^^la Lc,\^jl L^J- 3 ^ 

< (_ 7 - i3 ) j ■ j i I * (j — 1 iijjJl i l> 1 1 1 i 1 <(_j iai j i(_g^ i < 1*^11 i (_g^ i .<yfv 1 1 (Jj— 9 La 

4-SjjJa t _ r a ( j Hal l j_<i-*JI Jj_L^eJLl 4_3j^ia jc-*l .CjI ja.hJL J)IU-U j_a..» J 1 JjJ.xi (jSL<u J 
(j )" i n _jl 4 « ,7ii £-^ij 43_iIj j-JlC. ^-i-aLLc Jia-j_i 4j| ^ lr. i - j, **< »~ j jjl j l U i Vl 

. 3 J-J_a jjusLlc ^ am~ ^ L$3lj j (j-d (j 3^33 j iCjLi_ccia>. Lgjja 

i i' l l j-ioL u lU _i — X — *-! jl In i ~ i )VI JjL*_d (jl JL» ~i XJ 4 3j^_ln II />.'.£i \ 4 « tl JL)Jl>o 

* 

dJ-& IjLa-J-cl j ‘<n i«1l cZj Ij j J J_c $ 3_iLU ^ 3 -* (_y^ c - 1 la 3 d , t ^ ~ « i , j[j 
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Nt — N oc - jLUJajVI (j^jLa 
. t (jajJ l (^jSb ^4,1,1 1 « 1 1 cjljj jj^. = Nt 

• O f^3 <_£) jLLa_J2u^?l c. _L) . J_lC, £-441 djlj j J.ir. - No 

.j ik.v. vi cz^li = X 

t jyjJI Lr^ Cjljj JJL£. (_yi> Dt ,Dt + Nt ^jLuij {_yJl No (jn (_^ajyuJL 

: dJjlxil (_ylc. (J-uarej 

Dt + Nt = Nt e *» 

Dt = Nte ^ - Nt = Nt (e ** - 1) 

j a^LL-ll Cjtjj Nt £-441 j mli II Cjljj JJLC. dJ3 jjui <-a*J t j-aaJI <_J j> ' .a.JeU 

jl l-t (JjLi- (jjlia 4 N i j (j^S£j ' tjcj *L»_44I 3 jU. 1 jji (jjIxj tjus .Dt jlJ^JI 

3jj_»-_ya (j^S4 ‘ J 4 J 3 JI j-ijOlJjA I idiljj ji j Cjljj L^JLa 

. (j^j-G 4li-l J Lt 2 jjj jjJL»a 

Sjjjvyll oljjJI JJLC. < 3 iiu jJL-iIiJj fj!>L]l (jajJI l^juujSk-} (jl U~ . ,.~ dJ_jL4l jysj 

: 1 1 (_ 7 ^LuajiJt j a < 1 1 (_j o i ii j La 
T " t _ 0,693 
T X 


. jl>-I_jJI j-uxlxL! duLi (_5jj La^ 

: (jjjUjj 4 IdJ 

- jj~»- 1^.11 ^.^.11 ^_<ijlII JjJljc-J — 1 

. .. <t l ^_ 4 Jl 3 I dJ jl_L (jja JJlaej (jjjJI T. t it I j_a> La . 1-3^-C.J iClljbr 1 . 1 .41 <_3j-C —2 

. idiLLdi . ull d L , ,.lj j 

^ Jj 1^1 n 1 1 La —3 

.(Jjlj (3^1 JJ V ^44j L^^JJ (jrJJJ 3 a jO-ujI -4 
. 4_2 jj_LJ I ,?JL& Jlx3ju iJua (_£ I j a 4 1 -U.lJ r . T j d_aj^-L (J» ^> 3l (_y& La —5 

■ i ( 11 \ (jyj dJjLus i “A \ .(juul j i --, 1 » 1 4 i i.iilL idulj ^J-4i (J-i flm ill j-a- 4 1 ^j-£> La —6 

.LjJL 3.^/I (jji | aL a -iul (-ju^I —7 

. ,. , 1 ill ^ 1 1 flit jja d i~ l i *t l $ 1 !.>..! 1 i*ila jjI (_ya_J ^4 , »iLl 1I L (jlujLi d)Lly-i_>vj 1 djljj (_ya - 8 
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4_lU-S1 cLq i uJ) iti C LU t J ■ ■ J|1 ^ 
4 j i ii <i mi 1 1 4_c . ^ tt -yJ, I : j u lUi I ^ T | 

4 j*? 1 ei i I oLJjjlJ! (jis oLj^Llu. 1 ‘ 1 11 ^1 j j-~ uj\ : jjjj nuil AJ I 


Wa 
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f ^ Ai-ill _ 

j uik *** A.t i 

4-j.L^U) pLoxuil 

Lnix« 

.(460 - 370) ' ,3 « 1 -r~ ■ "I <*•.>„).>■ i3j jJ I tj ic. <-i)jJLxiJ 4jjLx-a Jjl (_) > 1 1 ) 

jLiT ^.xc. LLlJ] (J-xtaj La .(__j-uLl31 (>1 <Tt a I ojlil (*_jl*JI ^ J-iii (^>>j iiLLaJI (ftlc. 

_ » , 

(j^J 1 — a (jLSLkJ 1 o jljVl o lua (ft^tl < I J— »■ J-4s 4-CJ J — a!! (ft-oVl oLLj.U.-V aj 

J>L> lj_il_C _Lj jJl l^xLjLJI j jrV-ul jlill 4_i-aLi-J 

■ d A . „ \l 4 (ftlufct \ <ti? . dlLfl 1 1 ^ "I * all _■< lall A I LaS . j*. 300 

.(j^ j JUa t) Li -uj \j ((jjia^Lalj t^yjjj^C . L *i_i 3 (JJ i _a Li l ia ILi ((*200 — (*.(3 700) (Jjj—cVI 

JjagJl ij^xSLLall lLUjuS ^.~i-a 1 j qm jji—JJoJj t | juia.jl i _i >(j.ii i ~ <njlj 

_j-S> La ^JJ < j 11 h 1 1 (ftlc. jj) L~i (Cj ~ • -y ‘ 4_i I J JL ^ j" 1 . ‘j I j J i~. U i~jlj aiUAJL) Q_J J i j t r\ 1 1 J 

• tiUj £y> jlxjI 

4-U-3l_jj 4 _wi 1 C . (j^SJI (jji] CijlSLia ((*1400 - 800) ^almUj La) 

* _ * t 

(j-o Q 5 SJI ( _ r 3 jJ J_ljlj (<dxJ I 1 _i.H 0 ^jic. (Q .j ~i -r 4 .(ag_LLc b_j_3 lj__JjG (*}L_lu}L 1 (jl—S" 

Lg-3Ma=>4j a^Laail CjLiji 4iijjca ( _ r 3 4 _jJjjJI (jLSj ^v.ia i~ij tliljLaj-u 

4jj^J ^ ~ . -> ■ L^a ( ft ft.l--*L .iaj (ft_<pl j^Llo { _ 7 S 4 jjt5*1l aLjoJ 4ij-»-aj i( _ T 3ljJL>JI ‘ ■ . ■■ ^ 

0 

diiaJI (<; If. 4 -lu1jJl1 i ul3 I i Ji «Jui (jLu^aj ^ ^ iL J >Li> 

(<i^_a ^JLa-Lj (ft-i^j ) . ^ — ~> J o jJ JLaij eLftl*JI £ya {j\ ftln>U (*M-xuy I J_)T \—a£ 

(_y> 3 ^ 3 Li j t t _ 7 i a ^^ > J > l i—jLxS l j x ilj d -xj^jJI 4jJJl ^1 (ft-p aLaiiJI 

*4_xj^- , JI t _ =r J I 4-ftjJLaJI 4_jS4njl 4^j_»J,l ^k: ^sc _iu Lft-a *(J-ij^-VI L-rf CjL^oI Jju (JjjJl 

0 

4-J (ft3 j.J (ftjj ( ft.i.a-, L~ J I (*^Li-/VI <_Jjb- «(ftj,v.rtll J-Lo liiLaJI (ftJjLj I L i'j JS (ftj_-ie_uJI jjtS^ Llj 

4 jlc. ^>jI (ftajiljjj Sl_3j (»_jj jjjLft-441 1 '^j i .. S' <j jLr- 1 <) l ; aj . /j 1 . 1 -L lj. !1 *LiL>JI 

* 

(ftj^SUI (jLa3 (ft-titil^j] Cj^_a (jic. 1^3^. ^ ■ "*Z jjuaftaiJI (j| ^Ull JLflj 1 * ^La4aI Ij t s -\ 1 1 

ft JL>ftj Cj J-L ^jliLut^l V 4 JJI oLl 

3jL>J1 CjL-uIjjJI CjIJLj (>WjIj_»JI (^yjj ^ 4_La3Li^^l 4jjjJi jj-al , j a~, , „ l jujj 
* 

UiJi' Li. il a 4ia^lj jjLS' tiiaj- JJ ) I i ^i ll J . L* _ -v . (jic. 

* * 

Ua ll (ftic. f^jsi (jg .ftl i .ul .lj <_j ^-»JI tLalc. i ~i i I £)-oj L j f i LjLa (ft^JLftg. (_yl3 4ajJLiJI (ft^u&iadij 
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J iiiC 


^ lUiill iUj f a qj» SjLaJj 4^c.j.j tJs^ 0 Q-*^ j <y ij_^- /S '--^ <jLlL>JI Jl^-C. Ij^aUi 

* 

.(jlill i^yij-C. JLau^>» jjyJ l i O . ~ i l l i In Ml ^-Liujl <jjlj j — l a j I jL«JLc.J AJ jj 

* 

3^^ £_yJ 1 ^ \ Li ii H ^Lajjl J^iiaJI > I-iL (jjiii ^LaAii Ligj>oj 1 aK 

<j^a SjLa»lj ij^ 0 66.66 ) d-r y 'A \ c^jl^J ^LAJI 

<£!P‘ 

d i 'il a ~i ! I <_AI_jSj| jj-ua) .?! <i i »l LLiiC Adt . (jJaj i ^->11 JL-lC. (^\j-u_>Jl 

i < t 
L^I^Jlj L^jLdj U,jjU_^I L rtAj_a ^2 4.i.<i.?tJLl1 oLc.j_<iJ>JLI tSj ~>. (l/'-*^j^3 

• Lbjla^ij l^K < »j 


CrijL^I 

* 

^2 1 1 (jjjLiJl j ol. <i . . i.. « LlLi£ £ilaj ill (jL^J^JI J , e> - >.1 (jj .1— 'i - '^ - n jji 

iUbjIjL^lj ^ <LhjJL_ 3JI jJlj jJcjjl ^ jAIj A1A1 4_A cl .jtj ALi^JI 

. jI^AcwjLi j j«T> ^JoLSjJI JLsLoj jjl Ajjlj aljIAiVI >U-c. £jj_JI Zj $\ J ( *JoLSj JsLSjj 

^JoLiJI j j ‘ La^JI ^ji <■ La . l « J I 

, t Jji |» Ls l Ajk. I I (j>s j j VC 1 1 <-c. 1 1 1 Usj i ^~ i j q 1 1 

• (j tjj- j ^ tlj JLia j -■ • “j 3j-iLdJ1 ij Lj£LLaj1j ^LAlj jt jJu ^y2 S^liTLLa 


A 1 AI jcic. j^laj £ _ ? A dil<v caaj ^ ' i >Ji, I j <_)jjl 1 J (jl^ <l njii> J1 L^J 

; J.^^11 y JLilil 3i.‘ ‘ “ t-J-* ' y ~ ‘ dJIj La 4 -jj^C. a \ a i u Lj 


ALTAIR 

^ILJI 

DENEB 

UjjJI 

FAMALHOUT 

Cjc^vjl 

BENET NASH 

(^VAL« J t " ) LU 

BETELGEUSE 

tiajj 

.DENEB ALGEDI 

(_^JL>JI t— tjj 

ALKAID 

ALAI 

SAIPH 

t 
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4, Mil f lyJ l 


SUHAIL 


ALGOL 

JjLLM 

ALGORAB 

i—iIjJlII 

ALKES 

^ISJl 

DAHR 


KAUS 


SPICA 


THUBAN 

ijLuj 


9 9 

^1 j <<rJl (j-d 4 -cjJlJLII 4 jOn'l ilndi -v- (Jf l2 \j j i £ ljj_l <_jj_jlU 

* 

1-^- ^ j.a j j a -J r -* 1 1 -t i.tjJI IjjLitjlj t L^-t 4 La I j 3 a sa .L^jLLl^I l^jt_rtxcs_j 4— u^- t il 

* 

i ou t J Lt_a ^Ja j _i-i5-J I L$_JJ 1^-3 L.3i I ^ a .J .I I . .. jj I 4_iJj La-d I j 3 3 -»- tj 4 1 i * 1/* 

aJLOJtll ..j - J L i a i r 1 J_i , , ., 1 1 |jJL^_aj Lij_uij d . ... l < j 1 1 j O l..L-iJajj jJI j 


• J-*d Lm -3 j^yj i j / ,i La£ ^-L5>j (jr 4 Ij_j <_>-« >J-}^ (J La I Lajj I c. LaJLc. 

-ij (jyLi ~j Lijjjl (_y^ LLLiJI (LLc. jJ>-i „i .i a ^ 1 500) cAJjgjVl Lot 

* 

‘ M 4 -3 l~i . L i. 1 d .i. al« il Sj-^-^L oL^LlUj jjLil^_aJI t j_a tjJLc. Ij_cL- 3 (j-jjil cl alt 11 (jiajLi 
CopemicilS : (JlLa I JJb LLajj Jjjj CjjCLalj d ajd-*. djSLLiil 4 <>i ^(11 j-uauc. I JlLi] 


«(,»1601 - 1546)Tycho Brahe jSLLj <(^1543 - 1473) ^juJj—JI 

^yJLJL-L ^ - jLI L- Lj .(^1630- 1571) Johannes Kepler (^llSM) ^.l._ < 0 ,L1 a j ^ « 
Issac Newton (^Uoj^I) JL^Jj .^1960 - 1642 Galileo Galili yilajVI) 

.((*1727 - 1642) 


LLLlcI aljJ L£ (j jSJ I >.j 


<Ca_Jai£. 4, j _ a OjSi 4 t ill i L^al i((jj£ll (_jj^J.I c^-^il cl a mil (^1 j-LaLl! 

{*J > •>- i 1 L CaJjj JJSj «|_>LjVl ( jjLa L_ij ^ . l . T _a ^jjc 1 g 3 irVi j ^lr>j »4_3^_ •x—A 

‘cjrjj^LLl cLaLa (_yllL j41jL^J1 L&-iIj_£.I_j ■ L^jL t -a— -> u j L^jljJlj < L^-il. «.l 4jjLaj_U ixa^UI 
^ .i a ) I f . L^jl_Sj i 4 j a 1 Sji-Jl a Ju^J ^yJL.1 . > 1' ^LuJL * j T * " n * A i *~ . ■ 

3 ^>^11 i_LuajJI Lai . d-uLaa pl^Laa e- <2j2j>J1 ^ (jJbj i Lla 

4 j a A jj 1 3 J I ^Jb (_paj ^ 1 (jl^ 1 I 1 1 O 3^£3 * ( JC&LiH 1 ) i ■ l^J I I dtasj »^3 i a 

(jry^L> (jJ) (J 1 jj ‘ 4_aa l a i ni l 3 j-^JI ^ I A ^ L-3 t d i ^jJ__33 ‘ 1 * ■ ^13 * d jji 1 ^ ... I I 


319 



j-f* ^ J-ua-oJI 


I 4_j_l2j jVI 5 j£J Li Jtaj_>Jv I (cl — i s~\ 3 ) I ^ j-Jj_i! I 4 j Lj (jjfLl 1 c 1— ai-»J I i_3j_*JJ 1 1 — i IjJLaj.b^ 1 1 

ill!) I JjSLI I j dllj_3"ullj il_u£lj£Jl_J ^LJ ~r i 1L£^ 4jjLa_(_u ^|j_>.t 4 jj ". ' Laj I 1 ^ 1 1 C- L “ ‘ * I 

t *\~ , j j j < !r i f- ,, u (_£uJl ^.l«J I ( _ y ii_uj . ( I A j. i A j cjjLiJJIj < . ^ .M(j ciLujutlj 
L&jjlajj flj L^iLiio L^jLS^jwj I £ i4 l j_c ( j l _4 L3 jLi_u 5jj <,\ t, I 5 j al . ., 1 1 

. (jlj^jJl cLcjJa jlIc. clLill 1 r. daK i ~ ij q Ui . lilLdl jaAc. 

• 4_lLJJI cL a u »l l L^JwbiCn <a ^j£Lcj j^jJI 4jjLivj-uJI |»Ijj: ^^Ij 

Stars ^>^1 

cljl j < <— > LbLj>«jy I JfT (^3-3 L&jjj j <~i~ 1 1 ^yjJlj A fit j.~‘.l, 1 <Lj_i_iJaJL I lLsULUI ‘*11" 

. L^iSLol f^2> 42j13 [^[£ 3 jjuj * j-j-uLiJl L&a*i.) Lg ISJ j , 4 a b ^ ^ cjLc.j_l.uj i3j juu^a (jljJl 

Constellations 4 _luL>lAJ 1 ^,_i, <« l>j. i 

JJI j-a j_a CujIj ijj_aua (JSLui Cjl j < ^L j.-f-JJ I (jua Jj J j e -a JuLC. |jua jj*C ~"l 4_uij»v) Cjlcj-cjac-a (jr®J 

4£jJl« cLccuU (jjuaaiaVl LaLc.j ij-lLs jl t(jL“il ji i _ y lc. (jjSL Lgjuaju .<juajJI 

. 4 JJI cLi jjt 1 4_Lp. Lbj^i (jlc. CjHLLluiJ . 4 3 1~< •L c JjioLLa l _ T a cLa_uJI 4jr a.i_a (jlc. j_iujjj 

Planets l-lSi^sji 

AyC. J " " •'-'11 Ljia J ■■ ‘C » 1 >. iCu-lLj (jL*i Cjt j (JljuiJ 4-Jr.Luf I j 4 J L 1 . 1 A~1 A a. I . ,. -w I (_3-4>J 

<0111 jj_a Cj . W j L« I j] Lq »jjaljj3 (jufl cJj- f - T ij 4* II ^LuCf-^l 4-LAJ lcjJL^j l ^ ~vj li . w i 

* 

(JAJlILij 4_jjLc. 4 1 ■! 4 _il I gi c 4 l.i.cJl- ^ Ic _uj_j V I^Jlc. 4j «j (jixjj .4lLililJI ^»jj?cJLU 4 j i n 1 1 Li 
cj <^*ill I j ^1 i i~il L^J (JjijJj .1-JjJlII (jj-II (1 y 3 -A ~ < U j J -l 1 ? Lr^~ •3-lj- : J*ll 

. jjjljj (jjjjajj (jjjjjljjij (_L>- jj ^jHAJLlj ^jjJLIj jjIdjVIj 3 j_ajJlj jjll fi c. J c n i i j 4 ^ljj*uJI£ 

Moon j^aji 

* * t c 
l_L_>. L*— aV {jjSLj i4jj_3_cuJ LgjJL&l lii a L^-CJ 4jjLa_u*JI ^1j_>.^1 jufej 

* JjVl ^ujJIIl jl JM_^JL^ 3 _sj_*_ 3_4 Jliuiu j c 311 j ghj jl^j 4jJl_JI jjlo (_3_a {jjSj La-ilc. 

* 

. 4 JJI cLui (jl LujJa tiUj ■4J (_,J . £> J-LC.J 

Nebulue and Galaxies 

j iglVi Jl3j 1 ^ j.. Jr lj 1 4 jjL_j_C.j 4.. iij-f -Jj- V t-A 4jjl_£L c. .>.. ?r ...i. i » (juO 1 mi l 

d ^ \ A j ^ ^ U t**d 1 -V- jLoJl ^U »l < « < ^ 4 , m I ^ 4 

J^jic ^23 Cj 3jJl ^j-rtjJI t j-a jJjL* ajuc CjI 1 ' • < - u {jLiua_>Jl j ^j_1_cu 
uLaJ^-u ill u Lc I ^ ‘A-t » 1 j ^ IAl“j ijjjSlil 4_uLuJl CjI JU>. jJI Cy° 4_*-l^Lcu aLul 

. LqjJj ^"11 4 j 1 w!l 1 ijj Sjjac^a aTi sL>«J I c J ‘ A~> 1 1 
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4 J 1 lit r l rt ■ 1 1 


Asteroids ous^sji 


LgJ Sj-JjLua L^lSJj 4 l—^ljSJLi 4*1 J l3l 4 jJLlj 4 jjL«-lu jj-Aj 

. L^%.J) Inx 4 < ^yC. (J 11 0 Mill CjxcS (J-mSLaj (_jj ( fcj.i. Si J 

Meteors 

SjJL i—aisL^Jl ^jj-i..JI cj-ii-Jl i^ya ill I is^.aj (J5>.jj< (^dc 4 jljl 11 eL-a_ uJI j „ 

0 

(JT& 1 . n~i t 4_t Ill'll SjLU (_yA Oj ± t.l^> jjx£ ^ ij iLiLus-t 4jjLgJl T- - L lLl 

(jSLcjj ( LJ^ L$_ilii .(_yajSlH (jric da n.< .<1 La. I, tC j 1 ^ 1 .>».ill 

. o JL jw I jJ I 4-1 — lL3 I L— ^ jZj Q j- l wC ^_a 4JUSLlu^a 

Meteorites 

a * 

4 (jr u 3 jVI iS _J-?d ^ < 3 ^t — iJ I iJ) j$ Lii£ Vj da- 4-1 n~! 4 -ji-ua (JUS" ( _ r iSj 

. 4 . 1 1~ -r a 4 _*jLx4j^ t. . i^I^j dilj 

Comets e»Lo 4il 


-ilj-U 1 4 -dua ll 4JL>JI (_yS jjLo-J.lj jjl ..LiJIj jyijJI (1^° 4jjL<j_i^j 

5 L)j jLic-jJI I JlA L^jL ja^c_a (j 3 i » J ^_je_i_u (j-a L^jl^Jial 1 ir j i 4 _jjJLxil 

1 — d*i?I (JjjLiJl 4_Ljj J - ~ - 0 C ll . :* • t 1 _yax y _ o i 1 1 4_* — lil 4 -r ^ ~ I jl ij I 

.(jLa^Jl ^a-i-LS jjjjLlJl CjLjJJI Cj-iISj . Cl I^LojLSL) I 

Iqjlr. 4-1 jl S> i-iJl fljjj/VI LSj_>.j <u£lAJ I 4jjLft-jJI SjiUI 

• {jris-ljJI l ^ (jy-Lc. j m~M j ijjlojS/l L(SjjSj_4 4 j /■, ,-T> j (jji SjL-uC. (jjr&J 

iy* (j-LLIjJI J^-^- ' ■ # - « -< * t t . U - >>3 <(j <> ■ <> dJ l Jj^>. ubi- 1 c ^b 

(-U^J ‘-H-L T u V l^-i (_)^> LL (jr ?t_iLLsl jl JL4 ^ (jJJ j-ijl ^4 jj JU . cl ,4 ,,„11 

Jj-U I— t-L.'’' -. i4-JjljjJ 4_l)j-^_4 4^j_>. ^jCSj^LIj 4 i ... II jljL^ ^yJLc, jj-a-C-jJI 3_La-lj 5jjJ 

(24) J£^ Oj-a 4_C.LoJ 1 <— ijL a . f . 4 0 “^ Ljd* S J ->’4^ L>° (_y 4 AjJl Jj-a. 

* 

*(jy4j-L>Jlj M i l l l(jjjdx5Jlj JjJ»dl (jjC. JLlj 4 Lj^ai <£.L-l 

jJl) (JjLU LijjJX-a (j-o J-LAJ V L^jLs 4 l j^A_JaJl LiSjljuC (jlij'i?! ub^ J “Lxxj 

* r D 

Co-»lj Ljlj^a f _j 3 i t 4j] ^Jj 4(23.5 4jjl^_i jL-uj—c (^dc. nil 4>L>oVI (j-C. jJjxj 

L Ss ' ii u ■ a Lr^ (J^f >-dJjd 4-acjjjj 4jlj-U Jj-L ^yic. <— aJCJt^a ^ 4_4-o-ill 

.LLaji 23.5° SjjIj 
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j uiC-. I 


4 J 1 U 3 1 4 J ^ i ^ J 4 _l1 1_c_4jJ I LfO q <3— i>al <1 ~ 1 1>' ^ 1 f. oe. ^ UojL-O t 










Jj 4_j_tiij^( Sj^LSI | di« j j (jjiojVl i (ji~ 1 .iV 1 Syjfj IjJJLja Ijlj 

!^jS\ 4jjLa_^Jl <■ lj)~< 1 ,,'$\ SjjI j LuJlI 4-jjl a-mll 3^£Jl £_a ^laLSjj ^ ;j ‘~*-j ^Luii 

3 ^£Jl . ’i ,-^ij . tl jU ^ ,~,U 4 jjLu_<-JI 3^SJI 1 juujj (jJJ <4_jSLLin 3 jj' ^ . .,11 3^£J| ^ i .. 3" 

3jjIj JU-jj 3 tAjjL; 1 nil ^JLc. SjJjjtC. id_uj_L>JI 3 ^ijl ^ . ..II 

.(18 - 2) JSLjJlj (18 - 1) JSLjJI ^ US .90° jljJaAJ <1 I lit I <> jUrtll jj>5 ,Jf> t \c. 



JU/.ll j ^ - 1 ' ^.l i djl 


mtonMy 

CMt»( 


^ 9«nlcuUt* 

lnf*rJo» 

coWculi>* 

JJ-Jl 


(jjljjjSjl Jjilj , , ( j, 


i nuclrt ol 
ih* Uieral 




,*^ ) cT fj 1 m j( I J 


e 1 -a . 1. H ^ ^ la 1 ** - ^ j <yr*L-^'- J_J JU 4-ijLj **r fU * 4-i 9I ft * << 1 1 SjjSLJI ^2 ^lajVI (18 ~ 1 ) 

(jLjsjVb jjju 



SjjI J l^lc. ' ~*- ~ 1 L paj^U a . A ll i-3-uiiM i«-i (3^Vl 3j_il J (18-2) i3^-i 

- *, .*■ 1 1 ^ i A 1 1 ^ “*■ 1 1 1^ tL~ ml 11 4 _LzjUJ 
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<Ligl A-uilt 

(jj_G) ‘d‘jU ' d£jj>. 5 *\j -»-" L^ji£j LU jJlu L^jl j. * 4jjLix*JI (jl jjaLiilt J a- >. jL 

( j a .ill j ^.ig. jJL£) (RlS£) ( 3j>-^' a J- L “-^J! (j 4) ily 3 

0 

^2Lij 4^i lijrtA. j-±£- 4j^alli 4 £^j>. LT* (SCt) L^ojj (j- 0 

4-LaLS 2jjJ 4 r 1 . ,,1 1 e-ljLoC. 4^_>- (j*u£juj L-lj-iJI (jj5 4jj_j_>Jll j->. i_4J_j_uj 

> _ » i t ■ i H Ij^Jj 4 1 (Jju-cJj i4£.Luu (J£J 15 Jjuuij (_^i i Lj^-aj ijiLrf 24 360 

L^jli-a O ^ JL3 (_pijVl (j_j£jj 4 jIjlIoj 4lJ J£ 5^S Lus JjJUI 4_£>. {jji ^}laj 

‘(jn^-iToJl <Jj_». LLifTjSJ 2^.4-Tm-l I 4 £j_>JI OJl^J JJuIl! V jj^e_> JjlLsJLjJ . LtjljUs 1 (JjJtuu 
v 2 "m LiLl^cj ^jJlj <J£ O- 4 LjlSL^ jjjG L^K 4jjU-.Jl (jl LU jjujj 

L7 i ^ i 1 1 L_i£l^a JUJI 4 -Ll. « _<i 4^u>J ^^3 4j| j^S ,_^a-m 4I Jj_>. L^JlLvj ^^3 (jlsjVI 

0 

l_£jLa . 4 JL)\_lUI 4 Mil d L-J-Ill I J * £jji >Ljia (_JjjL!I ^4] ^Zj 

.U.-JI ^ i J ^ *T ' Jl ^_i^aL>JLI jjLa tillji^j i4jjLs-<jJt S^SLU 4 AjsI£L!I SjAIjJI JZiS4 J_dl£ ^Lc. 
.^LlII 4jl JL) JLld L<jj CljGjI Jjr lll 4-j.o j cJJI 4 LSLSiUI |_£jj (_^Lw (J jua£ ^41 (J-UA3 t^a j-± j £a 

(Celestial Coordinates) aj^LuUI LjLjIjlv^i 

. 1 J > T *i I 4_a. \ rr~ , t, 1 1 4jjLa.tUI CjLoIjL^MJ 4 <«l~ L 1 1 4 a U i Vl ( jx. tL-J_U>JL «J_dl Jo-^ 

0 

: ^ aj - 4 j . , . 1 ...VI i ~ 1 1 -»- 1 L i ^ 1 1 • i ^4 1 i gj, »,ijl Vji * kS^-i i ^jv^e-Ll I 

(Zenith) ■- 

^jAc- l5') * ■ * ■ 4.1a ■» a 3^43 5^— ilul i a 4jj\. ■ A.->.uJ 1 (4_i_il1) 2_^S41 j-2j 4 L>2‘i 

.(18 - 2) (JSLdi .(^^ajVI 3^>-4-i jlil pL^ll JaiJl jl.itdl 

(Nndir) ^ : i4;T i auk 

da-iJIj . 0j — till i a J-i-aljJl 5Jore_a Cj_>o 4_iLi_ljJI 4 . .. 1 1 4_i_SJ I ^Zj 4_laZj ^ ^ 

. ^ i o 1 *4 Ij ^jIa it I (j-u Jj-o I jJ I 

(The observe’s Meridian) yi jijj 

J~^_3 >L £j' ■ »“ ■■« ' »J 1 cl j ~ M ,VI 2jAL (jr^- 3 -^ C . 3jj .I^A ) ^aoJLmJLj 3j_jl jJI Lr ji 

t_2^j — eiJLl ^ a . Ia Li LaLt 1 a4j t4jj^_*_c. SpL j_jG ^ j '<* Liiljjj ,o j. iL.*'j i.-< < a m i J>L_L 

(Horizon Circle) jaVt 3 ^Sb 

* c * 

jl) f_y2 jVI La 1.1 J l— ljjLoJ .1 lO ^Jl 4 .. La ..Zl ) ^4J iSj ~ 1 11 A l53- > ° U, a ijr & 

i3 ,4 -^° ftLl^JI (j^Q (j4j4l <jyi bo Ju-iZi (_^l .(^jIa (Uj r< a mil ^\r 
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jjJl a All (Jjrtifl t^LuAl 4_*jji 1 j 4 a t ■■ 2j 

jjja L^JLjjj ^iL'i i n l j_pJI 4_a d hi 1 .1 jla-IJl jxLal ' ," a~ 4jgjJ> (j| ^_£jJLi 

♦ (^J9 ^ l 4 J Q r . n j JS_ ^y. lr , i\^fv—3 jJ 1^ * £^£U I 

(The Latitude) ,^>^1 ^ixi. 

d_i_ut 3_a 1 1 lj) “< 4 ii^? I i. L~ i * >. t i_jl>. (Jl-a. A ( Cr^ 1 ij^^ 0 4-J^(jJI 4_3l mill ^_ T -&_5 

( — ) _jl( ft ilr>. (JLami jjlSLU (jlfT Ijl ( + ) 4 -a^LjJI ^ L> * JJ • (jLSLlt tilljj (Jljjll L> (^JLc 

tlmv-mJI i/u j-£j—a 1 ji Imj 4_jjljJ1 jt) . " , ..VI Ja_>. t_ij_l>. (jlSLLI <jL£ lj] 

. (l_$jLa_muJI ft h}*i j j/V I 

(The Longitude) j^at 

Jljj tlajwj i(^Jjj_C. 4_ijJLAJ J-<U (^jOI) ^ t jv jll Jljjll <LL- jji_) 5 j j) 1 .^ - fr JLl t _ r jS> 

. i-Jj-C. jj tJj-mj 180° ^li-O La i<jl£11 t-dJj 

: [ _ r £3 4jjLa-i »ill £-Sljja ij \t~J iaJlitlLimll 4 a L jVI Lai 

Celestial Equatorial System 

: Lut jjLajyLLa jjLul Jl^-I ^£- . 1 <l~ «JJ 

Declination Angle ft 1/lmAl ‘ L i- (_£_jLajmJl jAh 3 4jj1 j —1 

Jljj ilaL. J 3 L Lf {c. 4_imiLLo tftl^j-ftu'ih 1 L 1 ^^Tii.u.a jaj_siU 4jjljJ1 4j3LuJll L^jLj l_3^JUJ 

Umi> ( — ) 4-Jl .-11 jl (+) 4_±j>-jH 3jLu<yi » 90° J jJuuS (j\> La l )j11 

l^jLa-mJI djA-u^l iLii. JUuj .(jJljjJI L7 Ll (_£jLa-mJl ftl^li^yi Jai. jl JLa-i |»j->Jl J-Laj 
3j£U1 (_jlc. 4 h>3 1.11 a (_ylc. *-It lLjUL. 4 1 iL*i (^4-2 till jjj) = 0 (_$j- i-uaJI tL L.I1 yb 

.(18-3) (JSLiiu . CjL-jjdL) (jjiLajj i 8 = + 90 J^w 4jjlj 4J ^ jL/i lt jaJiJjlj .(4jjl a mi l 

f 1 ■ 1 1 Jljj 

^JLmlll ^iLUl ,^iJI ^ '' 



i .jil J yJLmiJI mi 

VI 


Jmalj (/'"A ^ 

. L* ( 5 ) ^l^j-MrVI jjal ajjljj (R - A) ^fcljumall J J.ma . i l Jsai. (18 “ 3) 
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cl o ■ ■■ T 1 .. 

The Right Ascesnion fa-x-Ut (2 


-?L>oL) d^uAJUl 2 jMj-. ■ ^ djjljJl dJaL^oit L^ju iR.A L<$J j-«ju 

i [j. 3 -u^i 1 1 rija.3j l _ ;r £i J 1 t ~ d N I 4.1a 3 j) (J^i_>JI £^_i 4aLaj (j^a d l- i n i (Jjl (j-a (jj^_4JI 

CjLcUJLo _al o.cull cljZLfci/}/l 3jjlj £-4 f k >^i ciUjJ jljjJl 3_plj ^IsLaj <iai) ^Ij 

Cj1_C.Lcu J J_*_i «LcL**p 24 {jJJ cl j-~< ,j,y\ 4ai«- (^ylc cLa_wJl p ■ <i 3~ 1(jr i|^5Jlj 
-(18- 3) ,jSLi . |VClx i d j tyCic-VjM 30° ,J£j d_tidj 4x.Lu 1 5 (JjL 33 4. * -o- iL^cbjVl ^.Ji 

The Horizon System ^sijDyjaVi i 

(3^S/1 3^J I _j (Jo .jjj cLo I..J1 i _ r £ 4jjL>j_a 4sL3j JljJ_>4 ‘ 1— « ^_}- a dLj. I.a- "il 

■ L o £1 ^rtajlju>-l djs^juo ^Uts-Jl IjLi (j 41 ^ju> 0 i Jl.o Mill aL^jlj n‘io i nil dJa^uj * ■ ia! 1 11 

(The Altittide of a Star) jjisVI ^**-111 ^ ja - s-«J I ^LiijVI dj^lj (1 


ft-x4ll £^j^a uyj »JU*Lill (jLSLa (j^a d_uL3ll djjljJl L^jf ^ In i_2jjuj * (Alt) _) dJ 

£-3_9_aj iJjSil — 441 i'^o III 4 la 1 V 1 (j_a (JSJ 3jlll d .j i nijyjl S^jiljJI ^ 1 C. tJu&l iu-11 (J^t 3^j|jj 

fddtjjl ^Ljjjl !*•<_! ■>■ CjLvjjJLi (J^1_2jj ijJjsVl SjjIj £-a | x_L4 3"~> 3.13 a Uj i^iatUI 

• 0 

J J «~J ^L4jjV1 1 Jl& (jpJ ciU jJj . wL&l 44 1 (3j^ dIa.Tj JlLc, 90 J ((JsVl jAj I j-Ojlo 

* 

4ajw (JJ — 4) dj^l — a— i-uJl 5_^£JI 1 t h.uA. i 1 1 1 — JLj jljJj lIcc-'w d_cL_u (Jf> 

* 

(JjJ_i^J .(-JJjjJl JlLc. (j-A_ua ^_l iAJ jaJ »t_j_ i j_iJl 4aJ-Jl 1. 1 A jji . r Jm_) j « ‘(l)^JL)31 

(Zenith Oisttmce (Z) ci.a t. 4 1 d-^Looa jl ^La_> ti j-v ji (_jj!jl>.] * ^ *»■* ■ •• < . 1 a 

* * 

: i^yLvIL) Coa-uJl (jja L-iL5-o ^jLij-u (V->J JljlJI 

Z = 90° - Alt 

The Azimuthalangle (AZ) ^UcJl ^^1 <»U4l d^lj (2 
, v rr> ljJl j i c (^JJI JljJJI > KJw (jyj 3j^d_>4l dj^(jJl lILLj (jJij 

<3& l 3 j-i I j ^g j)" i ii 4 d_cuL3i I 3jj IjJ I ia 1 ml 1 (_ j-A j I . ^_gl o i ill I fj->^ l 1 dj^u IjJ I 

iJ^Loij - a j^a d j i n ijJ I S^jIjJI cL 34JI d4i 3‘i j^I^jL^JI (JLa-4J I d U £yz cl . i~ < 1 

d-i o i ii I I 3^SJI c 3 i t~i t a L14 ijUS * d r 1 ... II i t? d v 1 it p * [ t . (JdVl 

• 360 j^Jj J-OJ-& fj-4 l,g ~ i. o - j ° l .(^Jl oAll 

c1jl4jI o m i I I ^Ld>u^/1 (j^L3j 3^521 i_3 <.-4 L:r h j-4-T jlaL44j 
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— 2_JI 4 *u is\ i ^jl 4— C.I , i-iJl ujjl li f. £^o ^ • _-> «ll ujj-l>J1 tfL>«jl 4 In rn 

• (18 “ 4 ) JSLuoJ I • JUb lAi I (Jp3 \ £. A ^fcjJJbU 4 i i tt I I 



jWi 


jLualjJ 4 1 1 1. illj ^>u jtiljja J-iJL>o ( 1 8 “ 4) JSLii/ 

4jLj JU* Lilli ^jJ jJ^jll i L. iN I > jjjjtjj Jj ^ LL il l I Juti jjl ^f>jJL ^jJL>Jl_J 

L7 lc, 4jjl.o 1,11.1 1 ^lj^>.VI cilj-aLij tb t~i L*_<_ulj 0j£ <. h u-u j^j-A ‘[^-^1 l£_}-~‘ 

(_ 7 lc- tjgiili -xljz jrjjl^La Qj.ti.alj (_£l q] i Lj i iCi^J ( _ y L*_a ^LlaJ jj&j t Lfl t L mi 
i <1 l .'lb , C-til L I q ■' ■i i i dJ La-& Jl <^»j ^<u jlj instill q ii .i it 4 n L" hr, a <t-in..fl 1 oLjjIjl->-] q! mj.jjj 
i fc i 1 1 l i J^ualj Jj-3 q>i (j 1 1 us 1 jJ I ^jLu (JL^jlILuI J. if . J . £_a jjjuj CjLojI Jl^-^II o Jl£i qUs 

. JliJL>JI 4 , '^ j r . L -w. i . i ,.-i- j^jLUI iJJL^J “bij^Ul Cj^dJiUJl (J-4-C d.jlf i_ .otJ 4 jUj 

: , ,,N I *1 L t! I jilr.ii iuL 4x 5LJI Sjjj^aJI qIc. Ls CjLjIj^} t— J i £ j : (1) Jibs 

h m s 

RA = 2 10 5 

6= 30° 50° 30° 

: ^ r^Vl ^ ILit l ^Ijbcli^/L 4x! LJI Lj (ixi CjLj1jl>-] s_b£L> : (2) Jibs 

Alt = 37 
Azm = 120° 
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.AjjUu-Jt 3j5Jt ftjjOl oj^jua Ly X^- (4L»jjt ' Vi L ) j-4>LiU (jlS_4 

*4j A. -u*M j.l L) SjjljJ 4,La..i JJLjej i^jjl j-£> JuS>Lii_«lI ,_y^l j_L>JI £-3>0 o4 '-^CL ^ 

; 4 i*j & V 1 i! 1 3 * 1 j < jjj *1 1 y , 1 ^ I ft l * 1 jl ^ 1 L <i a J Jl > i i n Li > j J JL> 0 jL & j 

jjj-xIa-iiJ t ^o,~y . 1.11 j ■ ■■ (90 c ~ 1 Li 1 ^) ^yJl o i ii 1 1 ^yoj^l i - < La_£ ^ .1^ i 4 4J .J-&1 M l a ( ] 

4-5-3 1 3jjlj ^y^Ll.ill ft 1 3 - 1 ^ I ciaj>. “'J (<J^1 (J>^ 90 ) cL ^ -^ - ‘ " li Jj>^ cjJL ^ II 

!_J ■-I « I 4j J. g N" ,l.uj . 4jjl_ft_ftlJl 4_uj_L>Jl 3j£JI l ^j_->o {jA (_^l 4jjj (j ^ ft l _) <jJj 

& 1 j~ i n V I ftli'%- SjjI jJ 4jjljja jjlj j (jJLj-ftuJI i Liii ll jCJcJL!l jjJU Lr^ ^ 3 ~ ^~ . '-I I 

.(i (18-5) JSLSJI) - j j o L* 1 1 4jJuVl ^jaIILj it_ijju Vj JO-Li ( 4 5 J ! e - L ^ 4 ^5 l . i I I 

i L * >- (j J^.J 1 11 *} i(4_>-jJ j i i ■-> ^j^aj-C, ftLa^-) j^j-ubjVI ft I J-" mV I - 1-4 *>- (_ 7 -l- c - < 4 4 J Jftl&LJu— a (2 

Sj-il-i ^ j" ma (jg (jjr^ j.i-'i3 ^LaLiJI * . U ^ U j<ij>o Lai 1 4". a i. .I Li 1 1 C. 1 j" i pV 1 

j j i <ijj LaLa_> Jj^-ilJI <^_~>- .^.!l Lj ill ' i .-ft i(jji}VI 4_»jJ ^.ii..i^>) J. Llr . JiiVI 

< 

^ > 1*1* 1 .ft U j ^i lLaLu l_)j_iJl 4_g-">- 1 ■ J «~ j 4ftl_ft_ftftjl Jfttftuj jH |<1J { ft I j T l-1-u V 1 i-Li.L Sljlj^OJ 

.(l_j (18 - 5) (JSLJuJI) . 4 _jjjjL>J1j 4-J Lft-JaJ I Sj^LlI (jAloi ^ ^i3j 

* 

jli 30° l _y3 il'i.'v- ^ If. jjjl <i 1 1 J I Ljadllj ft L}. i < ii^/ I ila ft>- * 4 4j Jutil mi a (3 
* e c 

ftLai. Lai iLftiajl 30 d - c -Li3jl ■ .> (jJLuAJI t^UIl u -ftL-aJI (<t5E_LJl 

LL* ^1 4_ -t j ~ < J I j *30 _j 4 La < II 4JI jj 3jj|j 4>lj_j_ioft3 t^gjl a nJI ftlj) ~i.i-u^l 

90 < — 60 = 4jj lj 1 La 4-*j£)(jJI 4_<il a .i LI I ^ ~r i II ^_i a ~v L)l £_1 L»~ ■*■*11 JL&LiiJll 

t * * 

(4_Jl_a_iiJl JJ ) g L , 1 1 SjJjVI jij_sLJLj) 4 JLJ (J? (jt^J 1 Lajlj 1 LI Lo— ftL 

.North Circumpolar Stars 

“ * ►> I q i a elj_>.| |_fjJ 4 jI_ 3 leljJLi-u'^l . L-i *>-j ^/1 a i~i 60 La 4 ».flljj| ^lj_tt.<JI 1 a ‘ 1 ' 

La 4 j_sIjJI ^ j t- il l 4 jjj ^jL~ 1 it ) 4_u j i ->J 1 3j50l 1 a 1 1 ^ jft>o - (J J 1 ^ " " _J (J-LUl 1 .■ 

* 

3^^ ^1 Ll 2. j t j t L^_La l a jj i Lj > • 1 * Ij.L.u^ 1 .tiL 60 j 1 1 J " - .. V I 1 t-,L 

60 (Va 4 j^IjJI 4jjj ^jl-i" . . o ^_jJ LiO j I JU1 Laj . LuJj^j 4X.Lu 1 2 {jA Jsl SjJ. (3^^l 

.(_>. (18 - 5) (JSjLII) j^jL a 1 11 1 1 ^j j i > J I (. 1 la3l I (J JI LjJLw 


327 









(Eeliptic) ^ylc ^c^Ji as 


4djL_>-l_j A i i u J^L>- A-jjl a * ,. U a i -iU j_yic. j\ m< (jlc. (_j.tu a — I.* J 1 -o 

* * 

3 jjl j \SS l 1 “•'° Cy~ <_)a-a-> l r^J - a jAj , ,X U Sjjl jJLi HLpJ (J7 x. juj t L^I }£ SjJtJLa 
A_4-o-a_i. jLl > j-jjlUJ A , >< j « ^ 23 - 27 L&jljJLa Ajjljj L a -4-uII ftlj *i i d VI 

uLx>- (J Lc 4."u A .i i^’i .. *i .Ml jL-u-a jj! 4-xjuij^S 

, (<_> (i (18 - 6) £j\ 1SL A J I ) c. lj)~ I >-Lx>. V t u3 i j-u J I j 

^ J -- - 

>. } /l — — — 1 ’ cr^ 4 -^' 

23.5 /K I N \ ■ i n it.ll (£ JkM LA i | 


ftla^vl 1=^ 


ft) »" ..u^n Jaa. 


tj II a . uJ I ijlajVl jljuo ftt_p-Lj/VI lU^. jtxijjj 1(18-6) JSL-i 



II ^S-lall JtftH 

(o** A i ,.< II e jJjJl) <A1 jJSVI o (18 — 6) J< 

A * 

AjljjVI (J^uaAIl Sj^LIa 

J^A*_a jjoa jJt (_p3jVl AjujS/I J j 1^-1 311 <±JJJL>. ^ (j-t-ti jlijJI <— ftj-ml l (jl 

o 

ja-ij Lqji jl ij— a~ ■ .jLj CxjIj (Jail I JUS>_j » 23.5 LfcjljJLa AjjIJj 1 Aj l , ,. a ^Ic. 4 >L>«jVI 
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alj— 4_>-L» II a i_a^Lj_>.lj 1 4 _I i.< J 1 jl Jl-o (JdJjS/l Lr^- (J“4-(d]1 J_aLdU j ' 4jx 
<_ii i i n 1 \^ , 4 o^SLII j_y rt is-i'ii j_iIjJ i ^ l~ sc. a u-c> i L13 4_io^jull ^laj^l 

( _ r 3 ^JLlj i. Sj *> - 4 (_^uXjIJI Jj->- (_p3 j^Ll 4J J) j i. J l SjjJLil 4 jljjVI J j . ^-s /-i U JlijJu-hJ 

jjifi (J_j^>- Lijl.U3 iS j)~ ‘ " a c^“ ly-L ? a c 14 6^ JJJI J jL» 


.(1 (18-6) L ~J I ) .jLgjJl J^L> i_£jLdU J^dl uj ?< j 1 “ 3 *4-*jjVl J.J- 1 -adJI J £ lVi 

Jl .i " ^_ VI 4-Ud ~> JLlc. L&jI iM—a n A . mi Jl fjjSJ ^Lc J£ tjA /jlji /21 ^ LiiljJj 

J i i'll I i*~ t l ^ j ^JUuj)i\ ‘ ^ S^jIjJI ^JolZi 4 U^'j (Vernal Equinox) 

4 t-i2)II iJ Jut. (j j£ij £-dJjJl Jjda.3 4_jl JU ( Jl a nil! (_yJj i^^Jl>JI £ya ( _y±a-£J| JjjJ 

<-lUj fJLlJI cLdt-il £..l a. >- ijL^jJlj l Jj-la l—Lij . Jjid>JI JoLZj 

.(R.A = 0 h , 6 = 0° L> ^iJt J^).^l 


jjJxej£ -a i <l II cLp i nV I 3 j_jI J £_a 4_u£ j^SJI SjjIjU 4-jjliII ^JoLnjJl 4.1-1 3 t La Ij 

fijut (j_c.jGj i(jl^_jJ.I 4 jI J_j clAjusj JU 9 i.L,j,_>. — C. J£ Jys J^Jj |/23 

JU-jJI Lv 11 o^jJJI Jo,* ^uLu cL-u-v- ((Autumnal Equinox) ^yJj^SJI Jl jl^^L SUalll 

* 

(jLgjJlj J-il!l JjJ^ ojl i ■■*■ 1 ( i _J T JI ij-* .cJsj^>JI J/ 4 -i'ft 4 jlju lLLIju l^_iJ-« <— >jjj>JI (^jJI 

• J«JL»J| wL»ji 4 -| -V- 


^_y3 ' d i dLaJI Jjua_3 4 jI J_ j <(S — 0^, R. A — 12^) Mill CjLuI J _ ' v j 

• a 

VL a < 1 i 23.5 (_p3j_C. Jaj>. (jiki iDI (j^J <j»l— C. JS £ya / oU-j ^/21 

# 

.(Summer Solstice) u c ± i^>H <_>>LiiyLi 1 <kr C _UI ^ jut, .(^LLj^oJI jl-uo) 

((jS^4-> L« j-n. aJ5\ JJJl J^J< 2 J ^ J^l 3 * ^yJl a I'i.ll i jj-aJJI jL^JJI J 3 J 0 UJ^ lL j v 

. 4_jjjJL>JI 3j£UI fjlz <ii] j ^ n^j Jl ( _ T lc.J 


>±, (■_(_->. (j^Lc. J£ (j^a /Jji (jjjLS/21 jj J _ T . J . 9 f. 1 "1 A3 1 J u-1 4 4 jIjj Latj 

1 >^l2j^L) LSLLa d l\ irU 1 a_l A Juj (^ -L>JI jljLa) Li^b- 23.5 Jab>. 4JJj-a-C 

l a j tj-\ 1 d .)! ^ .till d^SUI t.d Kaj jL^Jl J^Io lh'w ((Winter Solstice) I 

.jjj^l^Jl S^SJI <-Ji (r-1'1 ijz LiUj f\ji (jjiSLiJl (_y-l^j 1 1 — iQj l jjSLy I — a J^U J-tUI J^laj ‘j-^y 

(^yj-ijpl ^rJI jjx .^/1 ur^S i( a.L»JI Jl^ls ( al~-L j !j (i d rf ! aJ I Jj^-uL 4 l-wi 1 (jLj JdL>.^Lj_j 

* 

(_ljJ«JI 4_^dv ■ L- ■ ( >> 'I > LaLaJ J_>dJI 4 ^ -w jj-a dad ( j>I Lj (j ua ( " a l l JJ i ~ ( » 

t 

, La Lad 
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4 i. l 1 1 I I tLa— Jl 


La] Jl a i—aduj (_y 3 j_iiJI JLa.t L .il 3*0 ^ .n i i M i l l Jj t L"°i (- Lai 

.(jJjjiJl (^3 l_aLuj {^J-iIlJl L >''.< i l rLI I 3 j mm 3 ft I nfi ll 

Zodiac d .t u. ' 

o t % 

j y u a — Lai I \ I ... a d U . i.j t 16 4 i j- ~ i d-> Q I ^ . .i I j ^ y s — Li ] ■ 1 ^. i I ij 3 ^3 i^s ^>— 1 1 4 (jJ I t 

* 

j — a— all j u a-»Lll 4 ia mo j-j ■■■" i±m->- 3jjI JLi) LiLus-l ^ jJlj (_£ ^-&LliJI 

4_t.A-r HI j^lj»L>JLI (j-iajtj (jyLc. jLL-v-i U 4_aJ£J i^ji-Vl 3 jLj_lxJI <_j£I^SLHj 


3 J^JI Jiij-a A i f . 30 JjL3j . .i 4 J£ i IjjL.il a I 1 2 t _ ;r J 1 j a < u 3 1 . j h< m i 1 1 1 J 3 ^a_i 

< > 

j U 4 < i n < IL) <■ a ‘L ^ J^jLLoj »>LaL£ J*- J .3. I ^ i a J5 <^^43 j iu M ill ^ j i »4 j gL a to! I 
. 4 j^Lj {jJlc. {_^3L?ej JJ_La JSj iftl * iLIIj t—aj^iJlj <— dj^xatllj ^jj^I : *JjLLa 4_»_>j| 

jjlia^-ttJI £j_i (_yI-C. ^_g T i— - u (_3-t_uaJlj t c. I j I j jj-Ulj J^a— >J I £j-> j_g j> " rr . j ^ujJLa 

^jl^j ftlliiJIj t_j^JL*Jlj 3^-^ Q-} Lr^ 1 L$ J>~ , '* - J l -d£>->d]j iftljjudlj ju^VIj 

.(18 - 6) J^LoaII) .Cjjj>JIj jJjJI j ^JL>JI 

jjHI J^JI 



ft ft 

vlijjJ l 3 -Aj l ‘ j * 4 L>* tj«» o « * i H jji LU j — ^ ^_p3jSfl LaJLu : < ii U < a (18 - 7) 

.CjjjkJI £j-i JjLI* LU J-Lftj *<!«- jMi 1 jiLij JjLl 4 LJ J_UJ j -^-1 J^Li. - J< .Mi 


’ (J^ |_>‘ta-i- ~ aJI JLSlll 4 jIjuJ ^djLjJI J^JIUI JjJL>Jl L/lJJJ 

tjUoj — uJI — jLi /22 (3]— °ij- 3 Jl) dljj-^>JI — 3]- ' “ j j /21 jj-idl — jlil /2 1 J^ ->JI 
- J^i /23 31 3 — j-LI - <— jT /23 (4l>i,„H) ftlj^JI / /23 j_^Vl - 3l^y^./22 

^UJI / J 3 i 3^ /22 3jj » 'Ll /22 j_>ajj_ 3 JI — Jj] 3^ > ‘■‘‘‘ ■^ / 23 1— ij. 3 >11 

• dslj-i /21 /{jjlj 33-*!^ /21 
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<]y> jL^iSlj (J.JJ ^jjjJI L—ijLnJl l ^l£. ^pajVl jj-lc (jLi*oVl ^3^ ,A_a j_«Ji-cl 

{jC. La £-43 ^J-SJi j_La J3LV L x - * - <(^j-4-l 4-<$->. £ya 4-XJj^l Jj t^i .ill JjUjj <<-4->- 

i LgJJj— C. 3 1 ^ iSj^—L (j-u jl—gjJI (j^vauiiJI ji i n -a 4 lai'N -^L-a J5_a Cj 1^-43 £j_-a O-33JI 333^5 
LbjJLj La i_^ c - (j^Lill Jijlj iSjJuCLlI 4_ L> .l j >^a i4J^ij 4 r 3 1 U ^3 3-* ~ 1 1 4_i2)l^_a 

• I»Lj ^?1 jjji 3IX3J 4JLL&3 ^jjjLlSJ 5 jl >. £ j^j_Jlj 

t 

4 1 1 aj 1 1 3j> < all 4j t ^ If. ! — ^ j-*-i 9 ■ \— cj j— u 4 -C.L-uu 4J3L3 : Solllf day ^ 1 •• *■ ‘L 1 1 ^3—1] l 


~ " ? ^j.n<i ;lJ 1 1 _^>-LL>iJ 4 jjjayJI 3 j- ~ <i J I jf (j iia mJJ (ji_JLu-/j U^iSj 3I {j \- 1 

.(18 - 8 (JSLJuJIj .(j^iJljjja (^uj_a La J-1XI3J da-L 

syiaJI 3 x 3 i u^>* 4 j i 4 JLjjaj 56 3 <c.L-j 23 4 J 3 L : Sidereal day ^.a.^-JJ I ^ 3 -Jt 

4 _u ayl I ~bj ~ a II 3I . Laj 3 > • a J [33. *dLaL£ 3 j3J J3JCLI (^^dj^I I_£*.Lj_>lJ (^pJl 4 -u,a_yll 

(3U3_a t _ r lx Lj« Jtjual^J Jlj^yll JL>. 7 ) A (^j n.a. 4 i H 1 .A C ^ La j<s_>J Lg^-Lj-^-J (^pjl 

4 ( _ J Ji3_5tJ ^ ..I, 4- P I j» 3 fJI (J 3 L (j-4 J- L O < (j. A . 'y I I I ^ 3 -JI (33^ o' 4aa.V . ^/u_J 1 ~~ i_ n 

^j.u.a Mill (J3^" L&jIjl>3 4J3.I3 43-j.l (J J-»-a-J JUIjI (jx. ^jlj (jrtrt rll ljL&3 (Lj^xj 

. JL3. 1 3! I i (j ?4 

4 j jua 3 Month j j ^ jl?t-< j.mI t^LVI j_^uLxJ ^ 1 ^ 1 a jl >*3 a I > -* ~ j , , I (jLuj^JI (33^—^ L a . ' ,ic 3 

ft 

,Lusj iMoOn ^ a ail 4 aK ^llajuaJLI I JLX (jl jj -43 i Lj ^_23 La3J 30 

JXJ l» 3 J 27.5 (^j ^Lxcj j-aail (jLt i_3^JL3 ^}y>- 4 jj_&LLJI j^ n a il a£jj>- j_j_u L iJ I 

j.j - 1 J 3 — >■ J 3 Ju ^ 3^3 . 4 _ojLj CxL^ jJ I JX J 3 ~>. 3j3J 

Lt^! <3 _^* =w J * *4 ' aj 3 J JJ-4J i_54Jl ^-a^/l (33^- j a a I I 4_j-3 j 3 _U i_^jJI Ca^3JI 

.^aaJLxla ^jO^-a ■)_).). 3 jyL* (JSLJu (^ 4 -^- J^a-ai) j j ^ L tjrt-i 4 _tLajJl S^JLaJI (jj -43 -(*30 29.5 

* 

< a * . ■ . i ' ajLa.3 ^ J- V ~ . ,u Lb 5L-4 4(jl—t*oVI ( 33 ^i l — (3 "Lj-3 ^jLt.uVI J 3 U U>J U U3 

•“• j' ( 33 -^ L&jtx-a {J ^ 4 _LaL£ 3 j3J ( 3 (jIojS /1 l_^r>.Ll_?o ^P-il 4 xLajJI ij. ~ al l (^,^3 

SjJlULi (_>-L 33 j 365.24 JJLL 3 Tropical Year 4 _. ,„ 441 4 j^JI ea^.i-L ~ ,J <tuj>- 

La dJLLsj 3 .^aJLlILa &C1J-1* 03JI JljUX^l 4 Li a ) a ~ I ^j.u. o i ~ i l i I_^>-LL > o I 43La^JI 

L^_>-Lj_rKj tJ7 !iil i ayj 1 aU 1 ^ja,L 2 j 3 (Sidereal Year 4 , j a . *>: , < I I 4.1 ml L <— 33 — *j 
.^ 3j 365, 25 J jLua ^jjtill iLili 4 L a I J 4 > <«m?1Li ^.,^- 4 .1 1 (33*. 4-Lal^ 3 j 3J (JxCiJ 
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4. U .JJI ftLj-uJI 


* t 
jOis i <mj tjijj 365, 25 J jLuj uA i ti J' J^>- s JJ j lK) Uj 

(J£ i_3jJL>JU j <h5I1 (jji y~!.i nj La Lalj .j*£J 365 SjjLlII 4_LuJI c J L fw j ^^jSLl| 

Leap 4_.< .i j i*s 1 1 4.L u J Li ^c. Jjj 4<LjljIj <LL_u (JS 1 4-3 Lua j 3 _j-4j LIjI^ * 1 u 

* 

. Lbjj 366 JjLuj Year 

<G^JI (Jj^ju£.l fujjsj _$jS <L jjl (3->Jlj 

t t > * _ * 

4j^_a_aJl ^ i i ni l (jl (_g^ i La^j 30 29 {_y~* La 4J3jLO (_g^ a a! I j ^ i nl l^j L^-a j S 1^ ^ i ~ . 12 

* 

4 j i n a . u i 1 1 4-L n 1 1 j^a 3 I 4 -L-jJI (jl (_gl . La^jj 354 = 29.5 X 12 {JjLxj (aj^je^JI) 

* » 

. LlJ^JL La jj j i'uC JL3- Li 

‘(j-jLlII j -$ 4 ~ i)I Ojjj Juc. (jb~ >jj ‘(J5L^J1 (j_g^a l i . n . 1 1 J-Lc. t_g^ a rt li j j Ji Jl I-JUjj 

aLJJI (jr ji l—ijjx. jl*j jj.-il I Lgj-3 <LJ (Jjl .jkL'iJI t _ 7 JLJJl ^ i t nj i*~.j-». 

; L^jjLl^jj 4j^aZ 1I sLa-^t L aj ^j . (_£j-a-aJl ^ <L 11 «.i JUj^f ^ jSjl 



Nt ft t I ji rJh Jt (18-8) jsli 
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. , ■ ■■ — . j 4*iCm TyaLU \ I 

J^) £_$->«-! I j-4-i) ‘(JLlilt 4_i^ ^ i^jJl 

1^ jLa->- i( (jr t_iJ^Jl JI-G-C.VI ^-Lljl Cr^ J"^) J- i-ij ‘((jr*-^^' JljLi-C-Vl 

cr^ 1 J^di SojLjj Jj-JI 4_^_j_/> <1 -f^j) 2>->-VI (_fjL<j^>- *(^-LULl ^4^. Jju) 

(..i t i^ILf Li^.- A ^y -a. < ... .) (jl > t m i i^jJLlaJI 4_j-3 ^Ix jj_ 9 ^3_jJU j £ i~JI !_ . <- > ■ j i(3jjj_jiJI cLjjljl 

* 

_l_iL^x>) i( JljJlxDI ^_sJl (_^1 <• I ' &j II \ 4-j_a2uj) (jLtia-xij .(oL-xdJ ULL f q °>j 3~ j i—j^-jl!1 

* 

(— dlaj jjJJI 4 j^ (jjJjijj (—ijjlII 3_L*_3JI jj ^(JaJeU I jl JuG-ml l^-i'i jj 4^UJI jjV^i 

• (j»l j_>JI 4JJI Cj-aj yj 4_^->J 1 jj i(^LS4l 

Phases of the Moon ^jVi J^>. jt^L! 

4_lSj (Jioa (_jjJl!I y*Ll 4jL5j 4j i^Liill ^JL>-| J5LL ^-<J-2-h i. . i3 1^>-3 £yi (jl 

i— ijLS-c. ^j.uSol. 1 j (_3-5| *-;Jj-i-!( O -4 ' (3 -lh 3t y^jVI uU-9 - ^ < . 1 j i ." } <-dJjj i^^—T-.ill 

ijIjkjLi 4-oljjJ 4-S^)_3- j. o nil (jLi JLJ 3 jl*J j a ni l 4_*j LliliJt 1 4_i_3l jJ.1 <jj VI i(ac.LxxJI 

1 » j.j>- LUj 4jI ■ 3 (^.Tu,,,^ .4JliliJI 3jjL>J,l *jr l! I d-j_oL>- ^V 4 i 4 -m . lILi 

t__i^_iJl (_paj VI jj Ju ^ * 3il jjl (jJJj j • ‘ ■■ 3jj • 4-3 i 4Jt 50 jl-Lxlxu ay js ^ udjjj 
. ^ j ?r-ll 1 4 j i.i 1 1 L La _*j 27.5 (J5LL 360 3 jj 4_c.LmJI *_ijLac. QjiSLc.j ^1 

(Jj_*-U Lx-i> (SidereaJ Period) y^jVl j— a__5il 4 j a » <J I SjjjJI ^ j-* 

j^yic. L>5 jj 4-j i a j 4 3 _i4^ 52 (JjIjj iJjuij ij^^jVl (Jj^- ojLui>a (j4-^ L>a^j 13 ylj^. ^In 3j i n 

^jJ^l—^JI) I i^ya ^*j.l ~m j a fill (J^Lli ^1 t- i Ja 1^-1 1 liarwVLj 4_C.l_aJl Sj-ilj 

^liSt. «. i*i ^jZiJIj ij.fi ail ^ Li i ii [j-a 4 m-h a tjjyjjaj (jna Mill (ji ^._i. « ~l l IjiA i— aj_i -u_j ijJ-JI 

jjjjx-tL! I_J y^jVI ^ ^ all (^C- 4iSLi . ' a 1 > -J « LyLa i. hi _ i < .il ^ L?^l 

(J5L4> (jlajVl LJ j ijLij j ~ a 311 ^-Li^jj .y^j^/l j - a 3 11 (|;ljJJ 

* 

J^2A] SjjjJL) t) ju5> Juj Luy^LJ 29.5 JL>JL>. tJ^L^ ju JU>. 

^yL4xui I Jyv V 1 < 4 A 4fc J tiUjj iLxj^aj lt'- 4 3 ^ Synodic period 

. LajL.^i a 

^jTo. jj^j-SLual ^-a3JI LiiljtJj i Lu^nj 27 yi^tj L^-il5-a j-aju cLuj w 

.(18 - 9) JSLiJI (J^>- <La\S 3jjj 
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(jAl) ^ y 


■ jVl ^ijj *L-aU £-lo^JI L_flMl>-1 > . j'jlai J J ‘ (18" 9) (J£A 


(JiJiiJI ( _ r s uri-ill ^3 j <1 Jill Lu-ir. : New Moon ( juJjJIj j 0 3 il) <jL>ull ( 1 

(JjLflil j. a i AjiHj ,(jL^i) tl I^D ^J.I (JjLili 4 a 1,11 Oj£-i <(18 - 9) 

* 

^ Luj_ 2 j \j jjufl ilill d— al <7~ i nl dj^LiJI <((JjJ) ^ l L\ a 

t < 

.(__yl3j^?l Cj7 lc- ^ ^ } ‘ ‘I 1 1 L> l^j in J a 3J1 £j-a 


oj-^-c. ui^j ^=>>U Ijui LsjlLc : (Waxing Crescent) jujl^>JI (2 

* * 

^ < “<4 I l. Li J-mJ Ifj-** ' " I ^ l < ttlj ‘d A i ^»*i eLiia-tS ij»Lit 3 - 2 ^ llj-«- 

Jjj cLtt- t -JI <j-o ^ ‘(AjjULa c t_a^j>.) JSLi j-frla-t3 <.*LJ=lU 


« O j—Ljj Li-^S ^u< t m 2 I 


ch^j^L? o uA tlrjj (j^Su Ll^j * (First Quarter) <JjVl (3 

D) JSLlIi O' 43 J Jit l t-j -; >JI \Sj±3 <(90 4-o-jL^) 3ilj 

d.i 1 .i-LILi <_>l=>jVl ojLt«i-o £_j j djh! Ljlj^JLj ^5-t- i .. u | aj..* f t(3^jlj < 3-uaj 




uii.a.^11 <jK>3 (jrjj SJijLvJI <_jjl^Jl ,j^£3 Ll*j : (Waxing Gibbous) jujl_>J1 <_jjl^VI (4 

12-10 fj-a J-da-5\ ,>4-C- <(4£.L-J1 <_1 jLic. (j-u^c.) 4^-^ilo 4_jjlj ^oJaJlj (jlijSjl J 
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_ jjIc ^tUI rtli 

* 

JM-* J< I~ I 4-La 1 I ■--> ^ Lj { _ysj^3 {yC. SjLuC. J i m >- 1 J ~V ‘|*3J 

6 j - a - c . ^ - . l, '-^j j <(_>iojVlj m i ! I «Lal n ~ ml j <1 ^-2j LLa>j : (Full Moon) jjuJI (5 

, , * 

S J“° J.9^ ^ (Jj-^- 5 jLuj_« ‘ * . '-< ' £-1^9 jls (jjSLij Us^j 14 

* 

< i ^ i ^ ^ Uj j « l 1 1— t-u— & 4_t-wjL-*-aJ 1 4_cL_^juJI i^ii H <. >^ji I ^jp3 V ! 

* 

• I j Llj^_Sj * 1 I 

18 - 17 j^c-c Liaj : (Waning Gibbour) u< g ~ ill ujjl^SH (6 

t # 

i-3jiaJI <j-« JM-* Lua^Lj (_h°^ J£2« >o-aII tj-° ^J-UI 
j.^]lj i S i. i l <jl£Lo (^ru 4jjL>J1 4jjljJ) Li-* _j : (Third Quarter) <±JLUI 1 (7 

4j}Lj ^_Li3 JL3 (jj£j <4xj a - i Loju 21 (^,-Jlj-s- Oj nC & i(4x.LuJl < ijLlc. £_d) 4 _ajL 3 ( _>loj , i/lj 

(JSLi J j »U J. a T LU 4. u> u,i 1 L (J^->- i_^^jIjl!I jLJ.1 ^Lij! 

. (S^jlj 1 /1 ts-\ 1 ) . 5 1 ^ l S a D 

^£. j g 25 - 24 3j <-. £, (j^±3 '• (Waning Cresent) ^j-aII J^L^JI (8 

. J *^ ‘ l l (_y^ (2^1 2} (_J-U-0-4-uJ I JjjLH-" J*® 4JUudj <— -Oc J 4j JU&L <JLj i(C *“ ®^^) ' » 

# * * * 

. 1 <^> il (_jiojiU jl_jJUl jlaI <u_i ^ ji-c. <_u^ljJLl (jl LL& SjLju^l t_x->uj 

(J^ i~ij cLJaJLl { j*3jZ}\ (Jjjl^jJI (_yii3- Orth jljia'i/l 

i ^ - ^ * 1 $ \ i I \ , r \ \ y LL> 

! (Lunar Eclipse) 

^yC. rj (>» U ~>>_g /lllj ^.U /•> l^lll tj'Li (_)il3jVl I Li l,<rQJ JlJLfc J <3 1 1 U-3 j I II ~> - t * - >-i t CJ 

- <■. i ^ ~i . , ■ 1 1 1 U» 4»}l (_>^_5JLi i>jl_i_a (_y!a g^-Li-u-a tLbl j. <i i^ll Lojua |^La (JSLtiijj ij « ni l 

J^LtUI ^yLjj-iJLl (JJ a 4_iiala (jIojVlj (j-u-^-iJl iSj^ J~* U^i 

.(18 - 10) J£2Jt -c^jUJl c u^l ^ 
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2 UJLUI 


iUKVI tjji— . jli. 


^/^V-vV-VV-'*:ii:- 


'MS 




J.IS1IJUI ULi. 

,_yKJi (18 - 10) js^ 

: ^ (Total Lunar Eclipse) j-^n Lr lSJI d=,_j J J^_ s 

t * 

J ^w .luJ I l-fl l3 JL>- L <3 rt I 3~ . , . I ■■ « ■"■ tl jj-o 5^" [jl > l^C-l ( I 

* 

.(^/liil L7 jS Sj-a) » IjJL) I (jj£j Lo JlLc. liiljj .a^Lci 

!_>_$■ " > i ■' a tit I 11 1 ' 3 « II Jjjjj i \ 3 « tl !^_L^.l . nJf. J_4_SJI jjl <_<-^_) (| I 

0 t 4 
*5 (JjLxj (^i mi n i l ! (jlsjVI jljLa j^~ ma) (Jjj* jljLo 

(18- JSLi • SJjLlJI 3 jl5_*JIj <3_uiL^JI SjlSjJLi (jLuijLj ^~<Ia3*i «^UI S~ > 

• 1 !) 

t j 1 (Jj^. jlj-« 






, <JjUI ftjlxJI 


* ' r 1 . —II sjajlJ! 


js*ji 


JU^ jl-^> < JA4 


.(jtjjli^J.1 jJaUli i^L ~o KVl jljLfl * ,u j * (18 - 11) (JSLi 

‘tLj— * ■— 5.7 (_yJt^jv <3 ^ o i n j <-3 Ji 558 (Jls _ - c_ a JjJo £-LjJ 

‘(JrH® 2160 j a ni l j.] r>° i& (4_C.LuJI 2000 I _j_>. sjljua j. j 31 1 5 r.j , ,.j 
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i(JiaJI ‘ /» < cLajJI «Lc.Lmj (jJ! ^c2JI ^LbtJ tiUU 

* 

• t 3x. L-u 1^>. l JiaJ I i ^ a £jja i LtK jJIaJt dajjJtLA , ^1-wiJ 

* < 

i Loj-^a (jj-AjJ (Jj jJlaJI j-oj> LsJLlC. LaLcJ ^ iT.~l.~c-i V j>_q - d-11 (jl j^jJLi ^J-'kJ'j 

<L*_Ju I jl i i Xj l > 1 1 i-> ii ) 4_u^_>J I t>f 1 i^»*^l (^_4^>»l) (j^Lj 3 

JjAJt t4 J > i II li r ^ ! Ij tl^jj^JI 4 « AVI ^yali4_ij t~.~ .T, i £, i.-y. (jjsjjU C-isjUJI 

. tLiia ti^aj>Jl_j 4_jJl_Sj^-J I 

: Partial Lunar Eclipse ^Jaii ^>>^1 

(Jli Li.i 1..C.J i ( JIaJl 4. .2 Int i A ^J*V t j_u_SJl ej^>- J^ 5 -* LuJLi-C. iLiJ— 

* 

(J^-Cu (_yiCi (.^jJuSl - LI ^-1-C.J inti 6^_>Jl J-loLAJI J_>j| (J3-^3 ‘_>-4..4tl 1 4 “ I *> 

«<_pajVl JSLii Lr Li J J-J n^jjL 

Jj9j , iJJ Li JL Lc. (j ^SLl (_^Ll l 4 Luaj^l I 3^5LJ 1 i ^ i ^ i (jjH-Ln ^.J.,f. -w. ^^3 ja7l J 1 i_3 j) i .■>■ L?^}J 

t 

iii i lit (j£D_J ‘(IjJj j A 21 1 (j^£L LuJLLc.) j_£_i (J^ Oj- 0 ‘ -3j ... -LI I iAjJlJcj (jl ^nJ-ill 

I — uj L iii - a ^yS j <i fill au u ill jKVl (_yl4 j <i rtll jl JLis ~-i n a (jjLj_4 

^-•Ln. a (_>U-|2J £_<jj . 1, * l~i CiJHJ cLa_jJl jjJS I . a I-^1.11 1 j u'll.JfT^t ,33-^ CxSjJl 

* * 

• Ci I £ya >Li 1 1 t~i "i?j i ^4_rtu_^ju3-l l 2 a I n~ ^ .iVI ) i<L,K^I 

dJSLLLl <—> lb j-i.-a. -> J I jjlc ^jl (^L. (j^jjLiJl 4 In Lj-t, I <JL>Jl 4jSLLiIl i— iLLiii j JI Jjuj 

.(18 - 12) (JSLii . 6 4iniU ( _ 7 3 4 j^3 CjV^^h^ 4j^Aj J O.LO {jA iijjJL>Jl 



. 4j i i<j . .. iij JLntji (_K*J^L 4 ii L i a _^x4J JJiJ j-ajJI ( 1 8 - 1 2) (J ^ l ‘ ‘ > 
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d.il ill! I 



1 1 . - -- 1 1 ( 1 S “ 13) (JSLi 

: Solar Eclipse 


c j > * <~ < i^r’T ~t-i l i i-~t-i j a " .Uiuj'i c2r'^- ^no i~JI < — i .I £ tlj jl^cj 

: (jLc,^j lJs j.^u£Ll lj (2^ (_j-o*4_iiJ I 



^Jli]| ■ 4 flU‘. m. 


tSj±3 <JL (_^a}l3 d.2l *C .a ^ aaLII (jJSJI *£ (18 - 14) JSLi 

- ^ 1 ^ J ‘ <■ a jua i ‘ a ^ a , 1, ^1^ 

Total Solar Eclipse ^isj) 

O ’> o 1 ' 'll JJ-> (j41 Li>a (Jib ijJL^jj 

tiJJL_>. L ti 1 In a 1 rtt . i if* ^.. n, < u t l >J 1 3 L?3^i5 ^-La_m (jli. ■~‘j • • > d_S t-> i a I ilC 

(jJJ oljl^j_>JI 1 -rl' j t Sjl j_>JI daj^jj <j->Jl ^ 1 l-i j_a »^L*J j^j (j^s <Ubi <-) olj-uJI 

.l_5^-aJI ljJLJ <14 j-i-T ^ (^1 t(LSbtA) ^aJUI ijj^J (jl (1 

4_oL2j_u 1 {^4-^ 1^1 djLa.) J <1 ni l La g ijj j (jaa_ 4J1 (j^j U* ( < -r ) 

* 0 j . 

.tiJUj (j^a I jl>- Lu^S jl ^(SjlsJj 

In i .) Jlbll Jaj^JtA 4 j_sI£ (_>^>j^I oyi L$ajj isL-all ij^Sj £>* (->* 

.(sjUiA ^^lc. 4 Inn') >aaJI (jt L?l) 
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— ■ j ttiC 1 

* 

j ^ 7 *5 “ 4 l—^ £~^\^j-} o jlI ^ISLJI [jii^ cfi-ll *\ i i_u j^ 

.(18- 15) CJ U_~ ^ Lul » 1 3 ^ i • i^s < d_^ l^i * ^ ^ i^_ 

Partial Solar Eclipse ^joJi 

^ 

/ (iilsw) j^ 1 6_&» o' (I 


o 


■i. ft* 11 k^ 


Jl1«JI JLuv I Jl>* l^l_^_4 j.Jj Ull (j^SLi UjLUl -j-uX^uJI ^ lLijJOk. (18 - 15) JS_i 

M * * 

. jl3 x !I Ja3- o-° Ijo. LujJ9j Ijju ^j-«- 3 JI ijl5 lij ■ ^ 3 q j-«-i!l i— a^u-v Jii j^tj LOjj 

(((jl^JlsVI i^-a i—uj-B ji ) 2JLo- (_y^ j.. o . il l La-^jjjj O^J^J ,j.i a Al l o' (i_ i 

t » ( < 

. (jlaj V I J 1 (ju (Jjus I jJ 1 i lg,>J I £ya ^A_jia 1 J I ^Lila I (_£ i 

cLLsL? ^ «i I 3— It— ft j ♦ (_^jVl jjflu hU (J .4 Ji^Jl 1 ALAJ (“^ 

>ul 2J1 Jli cbj^-it-a £ya (jr j_iL>. £jj>» iLi li 4 «u 1 fi n ">-3 * 03 ^ SjL^al^ 433.1] I 4 -J-&U L^J&Jj 
* * 
d • n 1 L<u-U i 1 /> 1 lA a ^ ^_>J | lLU j 3 J-JJ3 4 l ^ ic. ^_ux-iiJ I (j-a l „<i .,(■<> i 3 t n tj AjLb U' I. II 

. ( 18 - 17) JSLii . l_jL«- La L till 4 jlSj 4j>JI£ ^j.mo jJI 

: Annular Solar Eclipse CT ib>Jl <_^iJI ^jy kiJlLaj 

; Jjn-a-’ij! 4is $j-£j {j-aJ 
. l^Leo j-o-i!l Uj^-i o' ( ' 

.(jjljj^l 4 JU i _ r a) 3 Jo- 1 j <Lal 3 ~ 1 11I ja itl ' L ^ Luj o - , lL< t ' l ~'' L ^' U^- 1 o' (*t> 
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< < 1 1 U1 


L$La ^ «(_p3jVl ^ In i lit j. a ni l (_jla <j^1j (J- ^i ^ (jl (— 

.(18 - 16) JCLJI 


,(^jV1 <tiauaj) d * . i , l » 1 1 ^.a > 1 1 1 La Juc ^JLo ljuij 

* , * 

nA^flJ I a-JLil L«_i|j j* In . .. ^ lr. (jlSLa (_£l £)^a Li.V? 5j9 j i a£. a ( _yu. a .i..i] 1 ^ LLa>j 

. ri-li.i "n.A d.~il-v . 3jj_uaJ 

* . - * * . * 

Ij-a^JLJ JLjjaVI i_sVI (jj-iSILdJi 1 -I _1 >. i La Li 1 ,<fq LijUv 4_3 j_4^iSJI Sj-ALIs J-3UJ 

t _ r Lc. Li&jjJlJ p AJ,c Loi] i>JlAj ujJlA (_p-d (_3 j >L> (_yi3 t4 - i_i- u. a.i a ll 4JL$JI d_i.ulj.5j Julusijj 

3J1_$JI JJJ ^yj] j tn i 1 1 jjud cl a 1 « II jj_5eJJ 1 3 n. j H Cj^lacl fllllj ^y n -C-l L l I 1 L-AOj£j3 4_“3j_i 4 

j a <i I I ._3j .i..iA. Sj^Lli Lalj . >— a-*J I i i i ... i jLaj ^jjj 4 jV iSjj-^LLI ^hjlJL <L> < a tSJI 

* 

(_yi3 ^_a . 1 1 1 jjuojJjJ (jLtadJI) fcjt-. . ..II d_^-j J «~ ■■' j 3 i tl a Lil j» jJL jl i L uer\i 1 4ua_£a ^ j-fl 

. 4_i^>Li. iJjjI^JI t— ^ j-i-u-LJ I ijjJiil 


J .~.ii jlii :-.l-. , 



jkll , 


U** J ^ I ^ ^1 1 ) 1 (_y-taiaJLa ^yja l- a*> i iLU -~ '■ I . I ^ ^ J . (18” 16) A 



4 -* J * J *‘ jlj3i} o* “ < t ‘ ‘ : ‘ l l (>* Lj^ >*®ll U^J JJljJ ‘pe a . 11 1 i_iljaui5» jjlaj ~ (18 - 17) JSL1 

. t _ > U.a.J ~ oi! (jKJl l-aj-l- ^ J 1 JOOJ <_2jaa£ £yt LocJjJj 
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— j I i ^l £X 1 1 

4_«IjJj Lla_3j tt -lLLaJ I (jL^s-a i I a -C. I J 5 -ojLJI ^a-d*/l jLjI all ljL£> I 1 1 iij J 
3_^-&Uo_j i 4 a 1~ , -* i. I ojl^lal t _ r a j_4_3JIj u_^lj-£j a j -v. i £jjz al^j Laj 4 _l1lUI t L^-t-u-l 1 

i Ij i_3j.jjt_>JI j_jj ^>-i>IJo Ll^t_u3 j 1 a ^ 1 ‘ ~ ‘ 1 & J ~‘ 1 ' J J1 d 3 1-, L aa i4_jljjVI (J j > u-i dl l 

.4dj_id>Jl 4 j£JL 3JI oL^ljjJl oLyC ,J:J1 *1 . i>‘ . -I ^1 J < ^ 3 1 1 «" <»» j 

^jjLLlJ 4 l*i ml 

• Sj^lj SjjIj i4-j jl n i nil 3^£LJI idlLil! xlg. : t _ =r JLj La i— 3j-c. (1 

aL>ul 4ajlj d i ii M (_)-oa 4a_jlj *j<u5tjJl ^ « < o 4j^lj • {j- 0 JSL J^-i^a-dJ.1 La (2 

. 1 3 . II , 1-1 - - 4 i ail 

Sj^a-SJI 1 — Sj-oj-L. (ijJL?e_i • I (3 

.(j <io Mill (_ 3 J52I i— a^^uSLlI juc j aail jjls j-* La . >— j 

4 L n .i J aail (jl£ IjJ (_$jJI t_j I II a 4JI ^3j^uSLII La ._^. 

^ s ,\. C j J< i. '*j ■ . i^-l ' j s_ 3^ i ii ~*kJ I <. jfc i jc-i *2 IjLL (4 

o 

^4i-a-uu 4 L ru ^J, j ■ ‘- ■ ‘ 1 * * ■* 4 1 J | ^jg a^a (~f~27 ) ■ L.-*- J a \ i ^ i a (5 

^j<m) a L i.i On d 4 * j u LJ I ^J3 ^ a a 1 1 4__)Lc_^ t^Liid 4 . .. >1 . ■■ 1 1 4_c. Li. J I ^juja_2J 1 t “ < >12. I ii| ((3 

5j a a! I jjia (_5 ) i 4JLJJ I 

^ i d4 i La 4- L JLI (Luua d^jHiLxJI 4-C l-4.4i ! l s-^j > n < 4 ^-a^LJl jtLatxJI 11^1 (7 

S 4_J 111 I 4 L 1 1 1 ^Jg 4^3 

4jjlj CajLSj ciLi^ L a n <^11 ^ ^o_»= — J I OJLil — 4 lj] (8 

° 6 

5 4 J I f . (_Jl2j (_^jJI L)^3L! 1 La.~w _jJb Li£ (30 ) (jJLa_iiJl (3^^! L>^* ^^-Lijjl 

tL? « jj^JI Jl Ju-C-VI 4iaJij (25 ) JUu Ld JUiLl^a Jljj (jA^- ( <i -? tJ (9 

.(j^I^jJIj (3j15jJIj CjIx.LuJLj^ 5^5tiJI tsi 4jjlj La^ 

54.I,. ,J | (Jj in’4 (J^L^ 4 j>-jJ ^-)JLj I ill, .l(10 

^Lr A -T 41 {j£- < na i»Il Jl?^ 3 t -^aLbtJ liLL . <--J 

^ 4 ’« , ..I I jjl jla V Q 3j (jja «. 1 ^ ... 1 1 4_L4Je-lll £-LA L>2 I (JSLjj ^ -Lt" j I jli ._>. 

5t_jj_*JI (jjj (jj-jJl f \ A «-LiJ 1 (jj 4^J>. jJLu liLL . J 

5d jl" V .a jJ^LxJ Li! ^-4.4 11 _^laj IjLL ._* 

. (j\ ol i nil j <_jjjJI tiiioJl ft Laic, (jii «i ^^il (11 
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111 n uJl Aa _ 

ni <> ititt *Lc 

4 4 i.i g e \ 

3jUI 4ij£ jjA % 99.9 4^1~fs i_Lj) jj.uA.ji] I jjb JL>-I_j ^>o (j>s 4.J n jull <ic.j_n->JU 

j^jjj .ciljLjjiJIj n— i jiu II j ( cii LSL jjSL! I j >1 ^ »>l ^ 1 $ i<-_u£(j£JI^ (4£.^a^JU 4_JSLII 

j_j ) -r 'i a jui> ' iLftVl jl JlII^j (jj^a^Lj dill}) 4 _i tr _i 1 j 1 A I oljl J-a jun iuH jJjjj- 

(b) a j_Ll 3 t— ku<-n j i«.i,o i(a) ^j_Li 3 t — ajuii j_ui^ l.n A _!.->■ I 4j_j i u a {jr £ £_ 2 Li 

• jj.u-n_i.~uJ I (j_j5o (^i„j. , >. < j._i_iSJ I jj_>JU { _ y l£. (F2, FI) jjljij_jj 4j -1— >-jja 

jjii (C) 4^L-JLl jj-GjJjJl jjua J t j~) j ijjAaLUl j£j_« jjjii jJSLjJI j^ii (O) SiaJLLjlj 
: ( _ r A l1i1j_iJl 1U i> j-4> Jajjj j^yjJI 4^^L«JU ( 19 - 1) (Jfv.jJl . (0) jj^alill ^LloJI j£j^a 

c=V 

F--* 1 - jL — 

jj t-IjIaVI jIjUI jjAiiuin.'*- ( 1 9 ~ 1 ) J< .M l 

j-L^a = (jj u h mi l (j_c i_*S^U J-j-i kf l) + ^jj uH .. j JI j^yi t_*S^SJJ J— « _i jjjal) (jl 1 o_£ 

• ' jIjlhU j_uSJI j^>JLI 

*min "*" r max — 

4uj5jSJI 4^ju>JI jJiudJ (19-2) 

: 4 JIUI 4l>UJL eccentricity jl-uil ^_^j-U jjJuiJI 3^ 

e _ c a r 2 - b r 2 

a a 

.0 < e < 1 jnj Li (_i£I^SL!l cjIjIjlI ^j^jil 
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fj j t l_»j-*J 1 (j_a l i 4jj^e_a La-SJLvi (_»£l^SLUj 

^j-u.a <"»ll J^. 4_i }' Jua < & I^SLIJ^ ,^d)^?L>JI pt->« a (_y^) 4-C. l.m.1 1 

olxjb ^j^LII (jjojJlj (19-2) icL^JI i—ijLic. -j 3>4JI i—ijjJl <j-a LJajl 

.Sidereal period <_■ a>- ill 3 jjjJLi i_ 3 ^ju ^ja-LJI ,_fi9 £}_a i$_y La£ (_^a^5 JI SjjjJI 


(J_j-r>- (Synodic period) l_i£j£15 <_oIjJ!L3'^! 3jjjJI olxjt <■ n liic3_a 
a ^na .VHj j_a 3j_>.l_j 4_al 3.3.1 » I ^^JLl (j tf\ _i] 3_aj^UI SjJLaJl L$j1 

lj[j (jjAi-lj oLh- 3 ' l- 1 -* <14 <Jj-2“> (_>« ijyi La l-iST^JI (jj^j LaJuL£.j) ^yJllILa 
JL^.jjJ .(^^jLi. (jljJLal I JL* (jl Jj-il . LI I Cj-)L5> 


(JlLa 4-di.ljJI <— <£(jSLU ^JLa:JLi-u.j La^Si JLa»l u <£1^SLU 4 _jj1j_H_ 3'^?I 3jjJl!l C-ll i u ->J 31" ~*_a 

Jla) i^jLsJI 3 SJJ (Inferior Planets) (3^-ajJlj .ijUac) 

^1 euL^-jjJI ±j-£. Jlaj (P) j 1 . i ‘ill {j\S 111 tlu* Superior Planets) (... 

j^jJl dlL>.jjJl JJX. (Jj-cj (E) (jiia.JLJI (J^>> 0jljUa L^-fcLaib 

<_£i_j£Ll! 4 _lj1^ ~i °i‘^\ 3j_jJ_ll (jl_5 (j^aa— JuJI L&jljua (j-lc. I A <1^33 

: 2l 3>L»JL) tjr IaJL3 (T S y) «Lii>.l jJI 

T _ 360° 


^jiu^u.^jai Sy (p-E) 



365.25 iLa^j 88 ^.n Mill Jj-s- .Ijllar. t-S^i 4_ > a y H I 3 Jj-dl : JLLa 

5jjLLuJ SjjjlJI L~ 
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II 


jjl 


• i 4= 


: J>JI 


0 360° 


88 day 
°360 

365.25 day 


jjLUjl! 360° °36Q° 

88 day 635.25 day 


1 1 6 days 


; 4_iJlJill 4 » 1 1 U i 43^Lo_*JI < .^I jCII um -»oj 

T _ 360° 

TT 

E- p 

t_£l ^ULi (jJjVt : (jjj I j *1 -v- i^.i.^ c_^U£L)l (jl UfT 

(_w3j*2l £-A 4-j ijij •%■ (yjjJLij ^_ijJ.lj (_p3j5?lj Jjl l~>r. j ^ c\ i~i ij 4 j I -Q jV I 

* 

" i ~ i 1 1 ,J_4-<IuJ_a 4-3 5^ a.« 11 4-oliII 4_^^-aj>J,tj . Ljj_j_ii-t L^l3LiiSj I j o -^-a. 

4 ... i ..i.iii.ILi t t I ,4-aLiSJI 4_1 _lL 3 1 5^_j_i $ (jr-^3 ( c)J) " 1 >J I 

4j_>.^jL>JI ^IjSdlj (3jJi)Jl^ jl t-\f ) 4 . .i . L> . I jJ I i <^(jSLll t-£jLi^3 ■■« iHjl £y£. LiSJLuJ 

oy+>3 jiAl) 

* 

33-*-^ (j^Eya iS^333 ‘ (_g j.li,.i,.\ 1 (j.3 i_i£l^£2l i?Jui CjIjI J_a p la « a £_Sjj 

La^ ^ . l-i i ii (^y-Lc 4 jljj^1 (Jj-i^i .1 ! I Sj^iiUi { _ y Jj jIjlLI (jic. iS P j-c-*-! I ^ If. i 

l^yC. i i <1 r n I I 4_*_iil 0 pj[ 5i L « ->l t. , 4 1 i < o I ^2 4_*_a^ i_i£l ^£LII JJ-OJ 4 ( _p3j'i/l (_- r ic- (3 Lj> 2 1 j-4 

(jmj 4 j .. i il l 4jb (Albedo) ,_p3LijJI jJ-oL*^ >— 3 j-*j lallaJj 4 j^->J 1 lg~ Air I j l ^-a-U , ,. l 

Cjlj ,L.il. ? Jlj tU.1 JLjljj .(—tS^SLII 4^~aL.,JI 4jt2u5?l 4 . ..< « ll I 4. ,*:, VI 

^■j-PJLj I_y2) « *i i < » J .(_p3jV1 (ji^. j5~xjuz}\j 4j^L SjjliLa ^ISuul ^ 4 -JLc. 3jJL3 

: Jl L&Jjlj <. t i.iL>- 0JL& (j_o ^3^2 

The Planet Mercury 4jU ^ 

J *d j cl 4 I "I I 3jj^>J.I (jry«-lLj 0^33 t(joa AJl (jJI (_t5l_jSJI y~Jj — ^1 ^JS>3 
4_uLij 4-U jl 4 j II 4jjJ 1 1->~ i ill « fc <j ijljl 4-jjj jJ Cj1_3 
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i 0 jJjjLo a ~_j -i uu L" L-> S* i I L»f» jjLLxc. ( 1 9 ~ 1 ) 3jya 


^4 ( 

i£*y 4*Ii Jl ^Lal L L l ^ I j -l ■ »j JjLLlC. (jLs jljL^o (Ja-lj 0jl.l_<3 L-iJL 

yijJS j.In4 %1 u I~1 »"t^ Oj i t Irt 1 1 J jy.j^i 3j31_l (_p3jVI JLaLi4l 

jLlI i_£j-£-uj t _ r 3 > Li 3 *3 LLUjs I.X.* (^X-JUJ e-f_ j la . ; t.i ^a.e > J uJI 

jljUa (jgj " / ii a y JLc. l J-uw J j 1 In C. y£ jl JL^s (jl cu -m J JllJJL->vII jjU ‘J_9^ 

La] <j^SL <n.~*Ilj yu (J-ualjJI i. l a- L J I <5jjo-C. JlLc. <_iJJ Ll-I (7 ) oj . ± ± £ 4jjI^_> 

. ^jtJl. .Jjl JjliaC. 4_ijLa. jt <01 a , " i 


: \jl Lir i X^ C 1 cLi < 1 1 U3I ,^wajL^aJ>J l ^£>1 llLJ]j 

,0.2056 jijJLI 4 j y£ya ( _ r S ja_l— jJIa , 4 & 1 q 3ju>.j 0.387 ^jna iL.Ji £. o , L 1. 1 1 1", , i,j_j_o 

88 ^jiiq 2JI obj-^ 1 'b-^j <7 0 146 , ( l ~_ i l^ ^l ajlj-a ^^Iulo (Jj-oj 

^ ■. o Jjjv d_ulj4S'^t 4jjjj O^i L)-* (5-C.LjJI <_jjL1c. (JjjSLc.^) j f,.rr ill 

c_i^jJl yi ^4j£.LjJ I t_»jLlc. (jjiSLc.) 58.7 jj^kJLI J^- obi - ^ 1 16 

j"l ■~tl (J^>- 4-jjljJU 4h_c.yuj (Jjui>aj 28 tfjljLa |_g j~ ..I a 4^)1 J)~ ‘ b - *^ 

i( ^ljjVl j laja , yi 0.382 u 2 -j -d ■«- 1 1 jJajjJlj , 10.88” <0 (_£^_*LlaJI j U a 1 1 J ,4_ij|j / 48 

yA * . ' j 1 1 1 \~* ‘ “ / 4^1“^! II (J 4l ~ , 5 (2^ 0.055 4 l",5 ^o 

100 K° .(^jLtfJJl 4_r«2a_Lxi ^lfi) 700 K° Sjl ^ kJI ^ 4.2 

• jLtfll <J JLrk-^j 'iJj 0.06 ^L Jl 4 a-l-> ^u 

346 



Ai ill I 


u ii Mt-> UJdt JL>dl 

^tnj UUUI JUJU SjL-i {yi %1 JjU? 1 

.(^1974 10 — ^JjjLo tUxoJI 4 ijii i n ^jIIu 

^>>JI JsiUJl 

0 

Uajl_j a ~, j 'M ^ (jjsj a "1" < j • ^ • ■ • •••' - U . ,, i ^ tU^Lia J A . 2" -* u 

0 

(jJj ,_£jJl ^a^l u" a mi II 4j j 2i! I j-taj j-±£ > 43jl ^Lajj^ 


1 1 

4_jlj_>. oljua3^>s_J 4 _oL£i^j jp.jJ Jjx ~~ _a : (ClllSt) 4-i.LuaJI ij <*L ii 1 1 42.iL — 1 

I JLC. La j A. 2tlj (jLjVl aj^UuD 4 I jm~)J (20) ^Jl l a.4^< j Jl2j^ (4-ijI ^>- j) a^.i_ i -a 

- oj i lUll I ^a^sLlxJl (jj5 a Ij'a 4. i U (^4^- L$al _jU»l 


4^ jJ I 4av^ ^Ll 600 I ^ 1 1 ^luj : (Mantle) ^LiijJI a 2 ilo —2 

. ■" iK^lj , ., II 2jLa jVa aj^SLo l_$j| . 1 22 < 1 ^£4j 

* 

o j-±-& 1 L 1 1 .±.x *£ (jic. ajI^o-V gJJia i I j_s- 1 . 2 _w ^ 4j| .). 2~ *jj : (Core) i_JJI aJLL -3 

1 £_1_jjj i ( 4jr La i m jjjU < njlol i « a JL*-4 J-aJ-lj) JL? <j <^*i U JuJL>JI ^ya 

( _ . 1 ‘ U a ~J I i ij 1 ii^-lll 4 _ i l a f <i_jJL>- t _ 7 lc. ‘*-^4 alj 2~ II jjjULI JjU^ 1800 

t_4M j L^xaa-i l i - < j 1 11 J^-Ju U-ijj j nf 4_al Ja j^Ja 2j j j CjjU Laju-C 

j 4I 42 1 . -t . j Ls (^jUljJI gj 15 L"l-->. V I jj-C' 4^»olj ■ j£ 3j(^>. jJLva_<5 

. JjL UlCJ jjjjjjgiJI (J4J 1_J JUJI ^>£. 4_>ollll 

The Planet Venus Sj^jji ( ^SjS 


J, ^ (^<UlJlj (j na M i l l c t i ~M I IlL) SUjL^JI ^J.1 £yH 3j_£|JJ| I _ X j < ,, 1.1 

‘ ^ 1 ell Lc. Uu i-1j jC ( — 1 »_Z3 3 jJL a .■ a 1 ^ 1 1 1 i._ i a ^ _i~ . Lu oj *>■ < 1 1 ^LUI ,U^JI ^ 

42_iSI < jj-$-ui S^JLc. (j^a J^l 3 jUL (^tLl! 
jljial aj-AjJl t-AjSJ I J><J-4< 3 j_JLc. ^ J^t 3 jI j-?c-flJI (JII a 4JI 

• (46 ) 1^^ 4j 4_u l m i a ^ I 4-Uw i— L-LQ a 1 1 L m 1 1 1 ^ | 1 j 1 L-w* ^ ^_a-aJ 
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10 4 l i >s A U 4 Jua 


21 V^lLajjil l—S (19 - 2) 


e t t ^ 

• (jrl^ CjLcLj tjLoJ ^1 ^->- ^u^.jJI ^Lal ^-ulj I IjL^vl ijL^tjj 

<,iljt]j (3 ) I tiij--xJLSVI ^J] (Jj-cj u^^SJI j\j > — 4 (jjSLl IjjLi lLj j rtj Ijl_£_ 3 i^JLIj 


* I 1 4 jjlu ^1 I Luu J 1 

0jtjua^ 0*007 jl Jll 4 j^£^q JjJuiJlj . 4-i5kl£ 5 jL>*j 0.72 ^C. £JUu <.!r> < i^jug 

(jtjjjJI Qj- " l -3j 3.4 (_ r l^ — i_Li _>3 (SjjIjlII (j -4 I JL ^w 9 

L^lj ilJl k_j^— iJI ^-0 (^UJI Cm i 4-j, “x—l il SjJjJl) 225 L y u H ^ . Jl 

4-g.l Mill cjjLLc. £-a) 243 jj_>4l (jljjjJI SjJLbj t( »jj 584 SjjljJliaVl 4 jjJJ 

ijljjjJl j^j-se-a jjl (_£|) 3 sjl-i-a L$ j)" ' ‘ 11 g (jA^ 1 4 jIjj_l^1 3^-jIj *(<— ^] tjj 43 1 £>-« 

(j-a^jUl (J_J-»* AjjIjJLI 4Hc.^_i_u (JjUuJJ .(jljJLt 1 _gj,r».t.i.La ^_yJLc, ^J g -a- t -ll oL>-jJ (J-WJ 
0.95 ( _ 3 JL_j_a_5‘J I ^ t-i a ) I j i (61 -11) La (_^_iiUaJl ^LaJiJIj . i j 35 

'i « 

j 5.3 (Jjutaj <lj£ £yi 0.85 »— x£^£JI <lj£j jhs 
J 1 (^j J « 1 ! LAjlJI Cj L ii 1 1-1 1 1 j 240 K 3jlj->JI »<Jl) j 10.3 4_u jL>JI ,j_a <—)j^_gJI 
(_gjl ^ ill ^ U < Ii!l 3jlj_s- xCj>.jJ (jA Qjl j ~M tjl ^<4-*JI £-A .(4_ -yJr-Ui) 3jl^_>- 4_jvjj) 750 K 

.jLa^l 4j J->- 0.76 — (J^LljJI (J^oLl/sj .^xjuus ^ Ijlllj 


0 1 njir-iLmi jL>ai 

# 

^_... (JLx>4l 5.> Zi jjjj %1 (JSi 4j j -J j o)-3 (jL£" Ijtj < a j .j , f , 

(<Jli\jjj a >_JLS) ,~.n ^jse_ 3 . t _ r lc- (J-o - *3 L>llj L)l^ 4 _a^>-\ JL >- ^ 

* 0 3Lf->JI i^j-a 5j_ 4>JJ1 jljcJ liUjJj i4_JL«Ji 4^LLaJI Cjlj 
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4j.ui o.tiTI 4C. I _ 


4jjL5J,L> Ll. ■ . ..*1 j a" , ,, n <GJ j i || ^ 1 r ( JSLoUJ “ ‘ I ■ ■• ' i— 3^-Ju Sj_AjJl 

4JU. (jyJS 4 ‘ a j 1^ 1 ->»1 1 d t-, « . ,-^j 4 ~ < 4 t \f> (_>^3 _J->‘ J- 4 

. 4jjl_iJI JlSLIl 4_^j*cv JjJJjj 1— q.«._i.a ,*>» (_) a t i 4 i <i A J Jjo- fc o ^ J ^ 4 j(jjJj 

<-l->i >>01 ' * £ i3j-s>jJI A,- 1^5-^JI i— s^LJLll Jag j ^?1 £_a 3 jl ^_>JI 4 _>-jj 

(j-d 2 j_j 3 (90) - *_t-y-. .. l l 1 1 f- |_£g_»JI Jaji_4_oJI jJLj jj d I 4?l—>uVI (j <i rt I J ‘V 1 1 

. (_jl3 J V 1 £C-Lu-*I (_ylc. I *.L~» t I 1 1 

4_a-l-i < .. J_ylc . t-i j i j 1 1 I~i I jjl -W ^jjl 4jjl_LiidJl 3 . ■■ 11 (JLujVI 5^ ^ ~v I a 1 La Ijubj 

- L X j |*\ 1 1 ^ 1 C 4 L & 1 ‘ *1 1 1 j" 11 ml 1 4- 3 L jUJ 1 4 i ml ^ .i N l. ^ If . A J . , j _ * J 1 (_J— a-JLJ J • (J-a-*J I 

((j^jL^-i (Va) 4_uLJ>0 i jl j j] Lila ~_i^> aSJI (j-a-aLo. di I j l-i ^ £j_a ^ ,j_oJ 1 t—dJLjjj 

* 

: 4jJLl)I jljJI jj ja LjI jaj 1 ^ |_£gc>jl <_3^L«JI 

♦ 

a_i_ <J i£| (^Lj 4jn < ! JjLiu djujij Lug-Zi %96 4 i him 1 ■! CjH^ J 1 ^ 

<jrS i_j 1 j_a jl (diLjgj^Ji) 4 -Ij-A ^ 4 ^ d(g-<-u (_pajVI ^^ 1 * Jg-cs-jJl U 5 i^-^ 

4 l m . i j aUl jlicj ,JiLa 4_4L j i" a La£^ i %2 4 j i ii ? j jLc.j .jLcjJI <?Lxa 

■ > J »«■ ^ 1 (_yjLi jLc. 4_j_u5 (^jlc QJ) ' I 1 j ifj j jll lj %0.1 ^yyjr ..i.n^'Vlj i%0.05 

jl i3 ^ajJI (Jj-iaj 4 j -r i ii A <j (jj^-iLil 4 < L jVI (jj3l-^-i~i <al ( _ r Lc [_ )a «j ^ jJlj SO 2 

* 

JSLi (J I i Ll mJI j* j) j t J 1 dll ft 1 1— > £ya Lj I 1 ->»1 L-ji*lK~ I i^u i.r*. >4.1, Coj—x£ a l -w- A ^ i A ^ \ r 

Uu j 4jJLl11 3jI^j>J1 4jvjJ .((jlajVl ^jXc. jl t-vaVI glja^) 4 J^Lj, i-ilj U a 

>_2>LjtJI ^j-Sui (Green House Effect) j a» Vl oj_JI 3 ^Ui ^Jl S^jJl 

(7000 - 4000) > Lu)— ^ *^4} 3 j_j1_jJI 4. lul^ujJI 4-fll UJ I £j^2>jJl! 

^LtdL ^J n iii i l Idjj duj- 4 1 u -a 4^.jJ ,_yJ| iALJx-l^l} j» 3 ^Lij ^JLu-JI ,^1 4 at^«.a ^Ja juiu 

^ * j (infra-red) a(^a_>dl d i ^ Hj 4 jluVI JLcja ^3 ^J^ju 4_L ^ U ^l^al >** > I > d [*>j 1% >— > 1 > * a 

4>Il& (_?-q1 ' i-i~ aL JLd .J 44. ^ 1 Jjjlj jLi. 3j 4 . ^J^^.44->ol 10 4 (^1 1 -Wj a J^L> J l^~ 

(|_jva ^1 > i 7 iVI JjL*jj 4 nj4 4>--4S^SJI ^.la-L^i 4 _jjIj 3j_a 1 ^ > ^<u . 3 j ~. a 1 1 j V . 4 » .^. Vl 

3 I I (_yj] 4 ^Llajl ^j^a S^AjJl j_>. , l j m ^ 1 jj-ild 3^-^- ^-La-i l-vSL&j > Jlj J-jv 
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jZJ 1 

%65 ^l^a- (jl j J l-jj iCjIJLxLs £y i ^-I'wnll i**< ~s I L^c, 4_ial£ CjLa jloa j_3jx> 

4jjjj (j^yjl^^jJI ( _^ua'i/l CjL jLt^VL oLLLaj 4-j^l i.iiA jjja Aael^m ^_a 

JL_>. J_>- _jli_a ^ j_u1jj_JI (j _a 4 1 n.ia 4 i i ii'tj (jjs %4 4jLi_i_oj La (^Lc 

. 4-a-Inm ^j_a %8 4x1111*1 La ^lii* i± u ~»- £-j_jjjVI 4-Li>Liii 

4-^.t-i i ii (j-a %27 4 ~i i i n'i La ^ L »~t i* 1 m, -v. 4_a_iwa_*Jlj LLu^jJIj 4-L^JLJI 4-Oj^l 

c * 

Ljj-jJI i4 T L i ii ( _ ;r lc 4 _jjL£^_i CjUal.ui i (jr^“ iLL rr i VI Cx5jj LxJjiLj 

jjyol j-C. ^Jl£. (jt !lc. Jju L-a 3jL>. i_3Ijjv L 4J ( Jjjitxo la£ .jJxal^ILa JSLuJ Ju2.^_i1 j 

.(j-Laj ,>a) (jisjVI (^L ^aUI 

The Planet Earth ^jxs^ s^s 

<j-a 4la -*_) 4ill Lj i^i . -> - d ij ■> ■ * L<j-4f. 4 jj_Lj 4_15)Li 3 Li -v J^>. <— 

* * 

j|jlj_al ^ L- £l_Lil (jr 3 jr_oIxJI 1--1 LJ1 aJJS, ^a ‘|_)^ij »H LJLa ULSLa i jj < C~] LxiaL-J I 

oj.1 .i,iaJ 1 CjLlLuxuVI jia-.L 4xa»JI oLjLLII ^ y>- i— a^Lc. _i^_>.j4 iaii II 

ixJLjJI SjLaxjJI (_,a LLu •*■ > M 4. A, -a- jJL I L£-jJLx! e- ^ 1 1-1 J ^_a_aJ I J-iiJ LcJ £_>lj 

^.U JS ~*~ ' •* > ^' £4jj t j iLj^LAJIj (jr ilaj'^l i_a^Lvlt 1-1.1 ( Lx>-jJ j-x->J I ) 

: 4 1 « 1 . L Tl ^ailxia-LJ I ^jXc. 

(j£- L&J^jlj 

149 (jJlj) ~>- jJjL-jGj iSj_>4j 4_4JL 

4_j j_S^-a jjjSi jjJ_4Jlj .^jLLa ji.l j*> |j^xLa 

J_9 — (jljjJLil ~. 4j 1 0,17 jljJU 
SjjjJlJ ^ . 1. a-iL 365.256 

(j^a a c. I ,..11 i_ijl a c. jj-uLc ^4_xa— still 

ubi^' S >^ 3 LT^l 

( jl^.Ij 23* 1 56 m 4 s jjjJ .1 

(^jJI i_jjJJl icLuJI i_jjLlc 
~ 1.1 a ^ L 4jl_g— ~ 1 i.i I Sj_jl J ^j-i—aa 

O 

4-JjI jJ.1 I f -J-1-u J JLt ,aj 23.5 (JjljLa 




. uLj*^ I «— <SjS (19 ■ 3 ) 3 jjxa 
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i _ r J1 _j— > ^ < I-. ^ U j u ^ \ 12756 ~_i.nVt j. l-\ — « n J 1 <4__uli / ^o_£ 30 — £JI Jj-=^ 

5.5 djsLSLH (Jju«-4j <6.6 10*" Kg <dj£ (J_ v « -a^ ^iS4274 
4J.-*- c $ . L^i^-a. jj-u joJj j-aJj L^Jj 0.39 (joLujJI J-aLt-aj <<ij / ^ 1 1 .2 d_ujL>JI ^ 

4. 1 4 i ... ^ .^.11 4 _al_L 3 -.il 4 j ^4 £ ^Ljj <*\L 1 / ^ 10 ^_»e_jJl ^U < <1 s^ j *i 1 n 4 . . lie. 4_jjjL>Jl 

2 c 

/ (jJjljuS- J-JU-u 1.94 ;_43jVI £-Lu-oJ 

<jr^>jV I er^ 13 LUlt J L»I1 

if_ j 1 1 1 jLi L i /8 <_ i j j n 4 £yC, JLxil (J 5 i ~ i ( _yk>j^U u 1 a jln L l « -l 1 JUdl 4_<_*iuj 

* o . 

£-a d£^a- dJj) Lu^yjj 12 (jjjljJ-Ol L*jj-re_o i _j j^^e-a 

CjIjLlj a jj>- j i __ r J I 4 .3 j ^ aj 1 (jr a (_j 1 ,1 j UUujJLI JL>J0 1 2i a> Lai . jjj-a 

La_a 1 1 , ill J_^- (jljJjJI <JU^-i_uJI 1 _4aj5LI (jj-a-jLLJ I t_<ill ^^3 (jjdJLI _L> _LaJ1 

4 j i n J^LUI (j—ula I j jjjjLS < i«i >- j <4j L-*_ a 5_n_ii I 4 J . 4-jjLi^j5 CjIjL 4 _^_<iij <lc. 

* 

,^L^I jLUl 3j_4, (_yLc. Ljj_L _ L au.«j ^^ujLLx-t-a JLc-o 

* 

ju fr LvJc-JJ JO ^ o^ULxll JL*II 3_i_ji qI tLal*Jl la <»jj 

(jlajVl jj-La Li !^_ya (jyjIajVl , _, , u-i L Li-LLl (JL>JU jJLcJ_a .CjI_j_L<JI jj_a 4_*_ua_i (J£ 4_ftL>ol 
J-a I i -11 (jLas_a (Jc. 1 2t “ i j lL-i_ > - < t _ ? _u3j'ifl < — S^L-iJ I dl L 3 i -L (j41 

5J> j— a- i<< a 4_j jLa lIj 1 j .... . ,. i .^ - L I 4. j < .l'< JuJI ^L^_U 4_j_>.LuaAI 4 . . .. .U I *■ » 1 1 ■ ~ > V I 1 1 

_ii«j jJlj Magnetosphere jia > »j~j i< L I juj_». < .. j L LLLa JLt^o ^jJLb 4 Sj_5t3_4 

ol., < > i -x JI J-La (jfL- 4 S-j-LaJl <jJ_a .jjna i*li)l ^LaoL j~‘- a j' 1 £ i_aJl 80 

,Jj_u3jJI jj_a ciLjjLJI^ <iiL^j-U_j V L 4 - »- ,*l 1 1 

I Jaloij^ . LftjLLia.1 4 j . -v J | iJ1j1_LjI£JI ciU J-jj 4_i_<jj_lL L lii I j j« 3 i LfcjL_a4 

t-iJI 16 JuiJ ^yJvjLaJI^ 3200 Jjui i( jj| 4_aj_a_ 1 ^LulJU 

<-41j i^3 4_JL_<JI O Lg^-q ^ JVlj 4_<_>.jJll ^ I ^ l-> ■ - £y_a __yLa j_L£ 

L$3— aJI l -L^L_>- J^Llij ol — «__J — c«_aJl jjjJij 4 __lM c. j- J &\ j. "«_i 4 Aj -^Nl 

4_ij3-L>JI 3j£JI uiin . ) 4-Jl 4 4JI a^ySJI < .3 i^-i‘i t ^_a j3j3 <±*jl -» - 1 I 4 j ... , H 1 1 


^a 4-j_» a- 44 1 (JjLSjlII 4JLA JiLajj LaJUC ^ i la 4 1 1 i~i 31 SLySLa j—uL-mI jl 4 « ■ %. » 

-J^l ^JSij3j fcttxa. tl^JI oLuj^a. 

The Moon j_aih 

d^ 3 (^>h Cr^J < |J itLft 4 ii Jl J^a. jjOj ^ La-Lu jlj^l^L j_j_u _la.lj j>U 

(3 L>J I ^y hwll 4 I <7 1 a <Laj^Tl ) 1 J^l<~ ‘LLs (_yOj5U 4 I . .. * tl i 4~I"X & i l/.>v 
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J 4*1 C J-^LUI jJ A 1 I 


3 jL&LiJLI Cy^ *- L ^ 1 4JJ (jL-uj 1 ^! i_3j_0 I 4 jj_ 3J . (j_)->J l_a jJ.1) 

J>L>. (... ^JJ_p (jri] .. O- 4 ) ^jVCll 4^*1 

j a 4 J t (1)' (j^J .^j-iJiLIqJI {j n a i *mH jl i ii a 4 ■> < ^> I^Jl 4_l£^_a.j i J_>.|jJI j j JlJI 

* * „ 

1 £)t * Luj^_llj 4, n_j_ 3 J> 5 1 Li-uJ I I k JbC j ^ L>^ ^ 1 ■ ] JS" ^ ~ > 

— * 

. jt ^aIu-uVj f^Ju^a J^-Vl L«iJ-AJ (j15k.4-<j 4jw|^J Lfcjlj j- 4 /i 1 1 {jJZ 



4-ulS^Jl CjL&jJlJl 1 (g ^ ‘ ^J) n J il ll (19" 4) JJJtjUD 

: (A* ^ jjlajS/l j.a. 3,1 4£lj|^j(JU 4 j « j i li 1 1 ^yajLuaJsJ! 

0.55 jljdl 4 j^^o j_a,~> Aillj .(_p3’jVI ^.lrt4 (— 3^-1 ) 3 ^jq 60 4JLu t L i „jlo 

o 

SjjjJI) 27.32 (jljjjJI 5^j_a_j 5 9 ciL_J£VI (jr lc ~ ... a 

(Jj4w (jljjjJI 5 ^j3j *|»jj 29.53 ^gjl i .i~4 <LjjI^LsVI 43jjj Lai ^4x.LtuJI t-jjLic. jj-uSLc 4_»_aj*Jjl 

^j)~4 .aJ d * ...I S^jlj Jj^oj t4^LuJI 1 )j 1 3f. a rt II 27.32 0j^5t-a 

j L 3 1 1 uij j 1.029 (J_^>- ijjljJLI 4 j_ Jjul/jj <1.5 ajIjlo 

4 1" .5 ^ya 0.0 1 j.g.iill 4l~.5j j La 0.27 (j 3-._i.3_>JI j u 3 1 1 j jLj»_a_5 <3 1 ' 5.2" — 
Ljj J_>- i h± \ <, <_J ^ Ji-C. tJr l£. (JjLj) / ^tC. 3.34 4 _al ’I’v II (J 

4jjI^_^. 4_>.jJ Lai t <ij j 2.4 4_u jl_>JI ^jA i—jj^^JI 4_C._j_l4jJ .^^J-LsLaj Luul ...j~ 4_>L. C. 
.0.07 4^lLj (JjuLl^ i^^jL^lll 4 _jjL>JI^ 400 K _j ^LUI «_4 jL>J!^ 10 K. |«J.ll3 
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Ai... A ,ti tl 


^ , ,.J t-»l *1 «1 1 

4 I II .Vi <_£. J . .1 jj*1 'i_-. .5 Ijy g I^-I 4 t__J 1 1 , J **** ‘ 

. 4j_lLu 
J iMiJI 

* 

4jLs_i-u _jJuj_j 4jLq_i_o ( _ ? i3 jl JUJ-JJ Vi Luila^J i^jLi u-S^Lc. ^ 

^ U ^lc. JL>JI yO> 1 ^ ^ 4j^_*j V_j 4_u(j_u>- jl 4_ul_jj 3Lu>- ji eLa Juyjj 

. 2jlu»- 0j^Je_u3 y-3($->. uU- Cv 

JLu^ 1 uA9 ‘ < < ja a JjiaLlo Sj->- j 1 i ^’C i “1~J I ^>-o.flll j * . La . .i n I t 1 4 t^JL 1 

* 

4.0 ~ 1, O Lx! i .fl ijJLlS^ I I JLjUU ^.Ml t’illl (■ J ‘S~! * 1 <- t n-U > - ol t .i T J 4 jJL*JI 

* 

• V j . u n j i jjnls (^.i^.kJlU f J > ' 1 4^^ CjLxAjjJsI |j-u 2 jJLoJLI 1J 31J' 11 (jLiSjJl ij£»~u 

4m_sju!a I( J£LlJI j-a_->- (Craters) 4_uL£ ( yuJI CjLs^-ii]l 4-sr 1-1 IX) (j-Liajj 

* 

4 1 1 m~ 4_iij_i Ljj-Ls (jL£ LoJlIc _^-o.flll ^c.L-wim tiJjLuJI ^IjlLu-oI 4_jt ,j."j 
* 

. Lj^ij 1 00 f^i\ LiU j jj-o jJI-udIj) 1 {j-a j jus jLUai 

iV i uJ j— asjj ( _ 7 -£.JLj 4_2_jXs 4j_>jj j > .a /ill * ^ ■ ■■ c. p\ n. 1' j_xia_ 1 4 *v 0 . n j\ 1 r. Ju».^j^ 

1 4a.L t 1 j 5jJL) 4^ . nUla 4-uJuua «l5->3_$ oLiij (jja ^IjlSI U - < a 1 .1 (Regoligth) 

Cj J j-l U>U! CJt ~‘‘ (4 j-uljL) 4 ujLU! j j-je-t^aJ I aiJLlSj j £ L^t 

_ * 

£j-« 1 aiJLljta (j-o 4-J jLoj i?*-j i^a.o 4 ul)jI JlI a LucjjJG 

< 4-ujj— til oU^j^JI ^ 4J_j£_* *Lii_u (j-sj (Breccia) (Lu-iu^j) jj uaJI 

Cj L_« J > i ~ ^jli!l lL^jc— uaJI 4 ajJJ2J! jj >..uill |^jua 2^_lJuu3 e- 1^— ^ ^Lut-jJLi CUJ^Sjj 

:4JtJ! (j_o 4— jl^jj CjLujj ^gjLo-jSl! I u/'-jj ' 2 t a .ijJjLuJI 

^y-S ' o ,* 1 1 ,f “ ^ a i 4 ! 1 ^j£ ^ * ^j\ i^i 1 1 ( . 111 ' 

<Ld»Jl (Jj f (jyic. fjLc. I j « .. . - 1 jjjij Oy^- — ^ 1 ^jLULu u^oj ^}! — uj 

lJ^Cv ^_>-V (ji^us (^a M -tls j j ■ « Tt (ji i — Ljxi Cjyy 1 11 ^jliuj ^.i . ..'i jji o j « “■» 

4j_a^/l SsLll (j ■; fli (^yo Ij^Sj ^-o ftU jjl j_yic- J Ju I JuS_j . A^i . .. ^ 4^^j^>JU 

• 4 j l IL O -I ^ iH 4 ^J.^ > al jjjO {JmJu 
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Lajj ic. Lg-La Jal (j_g-Jl SjjUalil j-jusLLiJI j-j! It i J 3j_a_gJl iw.i.uj (jl — _>- 


(j-flj JtLo ^-».all jjw {jja Cj_ij_4i 

.^Lc. 3.7 (jr ]l v g->- ^jjLUl 4 j^a 2J1 jLi£.t Ci-il^ — j 

* 

• i jr&^ 1 i-v_gJ_g-Q. d~il .-I .Li Uj 

jj I j jjie-wa Jg3-_gj j _u>T >j t^ofT (100 - 50) (jjj 1 4 i ii j : 3_^Ju3JI —1 

. <t-uJjLJl 

: Lo_& jj-uiils (jJJ j-axIIj 1000 jjJirtj t $K a i n £-Ljj • -2 

. <_J-uo <_SjLc. '• i ir j L n . U I 4 n_iU — I 

. J^ 4 -‘ l " 1 a <— sM-C- l - u J ‘J 1 * ‘ ' 4^jia ~-i_j 

{ _yi^-ljLJI l-J £ya 4JaLi£' (J^l _9-&j 500 • *-7411 — 3 

* 

<jr Lc CvijUv- Jia (j -A.t-f.D (__Q .>>UU I 4-jlrtf (jia til] j lj_il j_a ji/Ki <_J j- ^ 3 1 ! 

<« 

_j-« -3 J l ^laj-u (j-l*- LJL>- (J-ujjiLo { _ T j^r>Sjj JtaLuij (_£l JL>-_gj Vj 4-by£j 4_il_l_i j 311 

j t jo^>i 


; 1^4 Al j n -~ U t^iiu drn( iJlo=-p CjLi^Jaj 3_lC. dJLL* 

* 

4-&Jj 0"° >* stt o' (jJ* o^3 (Fission Theory) jlK,y^t -i 

• ijj-iL^Jt .U_i>JLl ^^a S^-Lp” Sjjjsa 4jl£>a 1 1 6 

jjja L>a a.j_>. Ly^ j i\,n Jl (ji ^jj-Lc. (_wa.ua (Capturing Theory) jLpxwaVi a^pcu -wj 

Sjii J » ^ i 4_i i-X . .. jl^a f.1, w~will t4_i,i n 4,i*iitl 4-C._g.4j v U 

. (jVI (_Pjv (_p=ijVl (J^gJv JJ Jj (j-oJJ 4jjl_pil (_JjL>Jl 

* 

j e, 3J1 {ja yL^ (jt ~'~j (Creational Theory) u ■_ f.jl->5) -j>. 

. JL >• _g (jl j-La (_psjVI Jj j-x-dJl (Jlj Laj (j\jJU>JI 1 ,4 (j J ilfLa (J.ui ) 

4-J &- us JiSj J_g 4 _ijLjJIj (_yJ_g^l (j-uj^ hi I J I 4 jj_ 4 _oJI 4 i j 3 .(.u ^-jLwj t _ > iaal_IIuj 

.AjJliui 4_u Util i 

(jjj>JI_g all (_£giJ) (_pijVlj j_4^JI (jj-4 4_gjjL>ai cjlj-plj (J-Lc JjLrij i V-»") 

lij-p- (jLsdiJIj jLctjJl j oLtaj.-vll jJ.1 wjjJjvJ (_ y ^u_ujJI l_u-cJL 1 Juu 

(_^ii4__iU l_g j * alt (j^iLi joJ _gJj . 4_i c. L&a_»j jl jjl 1 a K i n “vyU j — 4_nil <— i j •> • 3_j-a (J-3 j 
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£ya 4 ii ila CLjJj£ jj) 4_ui>jVl 3 1 1 jtlajjj £ya %"7 5 ^ t-s «" (_yjJI tfLjJll 4 rt^l~> (Jlulil 

. f l j~ . .. VI ■ -~i -L. juc ill <i.i nil 4 <i. Lai La cLU 

^yJ ijLill <_jj) Miia CjJL -y 4j j y_^_aJI (jlaLUl i_j_)1_?cj (J mj < l <jl i-LU jJ-i) J-I 
Cn-OJ (^ylc. >4-111 jj) i^"‘i Ui£.J (JLU j j j , i. ii~lj ^ 3 -JI <_j43 (jpj-a (J ^^r tJja 

.(19-5) JSLSJl^jVl 




o 


.y>ojS/l Ly* (19 - 5) <J£_i 

dy 3 _y*£l l5j-^ tS°J * ~ ‘- 3 (A 4_la2jJl ) j_a_aJl £ya 4_u^JlJI (jlajVI ^ya 

. (B) 4 la alll dy 3 o juij (C) 

, JaLaill lLLLj J_iii 4_C.j_Laj_o 4_liS’ Sj_a-j J£J i_J jL^e-lJt SjJa jljuLa ^ Jjk Jiuuj 

* j J ) UL$- ^~ ‘ ^ (^) “*"*£■ £jJa dy 3 j-i£\ (A) JUC. JLaA>Jll 4_a^ i_ < t -» *1 l , , , .. 1 1 Iju^Jj 

(B) 4 la a x I I .1 If . (. In x. ' si.l £-Lja tlUJiSj « j a 31! 4^a.|jJ,l (A) 4 L-.^il l j in tLaJJ 

■iLa L^ Ll l—dL^JI (B) 4 In ail I JU f t LaU _y-i.T ^L*_uJ (B) JLxC. , U ^ -%■ 1 I 4 * * f ^y ) 

.B, A ill <j 1 ^ ^ ^4^11 

u>3^ cjIj-ujj j^jv. fjj&j t I a i ^ Ut , ..j ti 4iUU ) l^i 

.(19 - 6) J£JJI (E, B) qiLlaill! jJlC. (A, B) Jic jII ^pikLa aLsUL <— )JL>J| 


/> >/ 
/> > >7 

y’BSt 

V > > \ 
X > >\ 



>ayJl (U Js, u '^ 8 ( 19 - 6 ) JSLA 


J-ulC* £L*u*LaJ1 £1 11 


jJi j-a-aJi ~° J^>- i^3 r\JJ * J-* ^ 6 '■ “ - ‘ 3 - 1 Jj-^ JJJJ cUL£ Uj 

o 

4_~C 6. ii j-3 J (53) -41 JlJjAav <(13 ) _J-' C - J Lt^ 1 l -4 J >- ;>,J 

t^JJjJj ( 4 .. i_u 3j 53 j 5_c. L_i_u 24) JfT l 4 Jl -' 9 i -4J4-Jj ^L^Jt ^ 

* 

- Lu^-jj AjiLu 12.5 iJS -41 cL»jjl>. 

L*. .la ^ (jlSLU U4Ut3 j^>Jl jl!c.j jJU jlIc. tLl' sA L '■“ *• Cy^i 3j * "j 

. o I Uj >4 1 1^2 <* I t 6 - 3 ltui 

J^= l «jJ' vU.i-.11 cr^- ^ j3->JIj ->-cU u> 1 ■> r> 1, 1 *111 ^*1 * . >) (jL, iUa.5Uj 

+ 

Utjjj*-*. (J_^>- *-;■' t 1 ‘ * . 1 ^-4^ j ■ <» J jl 4 j1c, ,Jj (_p3jVt_j _^aa! 1 LrU 

-d. j i. a .1 1 < LtL^_i-u ^jj4 < 5 1 <L£L yt <ij <Lc.l_*uJI <— j^UU. ^_y.i5 v C. ^ t a j. 1<1 ! ^Jj <_j^J«Jl £ya 

.(19 - 6 (JSLjiJf) 5UU Jjj-441 3^^ -41 oUa L^x.0 i/i'i »" (jiojVl (jlJs -lUjJ ^^pajVt 
<^-*4)1 _^2 »Lj <.4. i^il jJLl (_>j-a-U1 j-4ti £-Ljj 

■ *■ *4^ -Jaa <4 . (_)kj ^ 1 ^ j <s si J I £rU La 1 ^ I.n ) 1 1 <lmi 3I Lrw 4-jJjL>Jl oj^2 (jl 

<_a L->J j (JjLalt (_<jL>JI iy^3 Us <^u j o l A d_>-j J lj j>_i L'u L^jJU>. (jl-^ ‘J J- ,'5-Jl 

.(^ 12756 (_p3jVl j t a £ i i3 5Jsl U (jiiUAj (j-u (_^ij jUkll 

“ (jji lUi! JL_*_jj ‘(^) 384,000 — L yoj'$\ ^yc. J — * ill I . « s i i ti<j >- 

150,000,000 

A_3-^ ttiil ^Lua^( <_<_<.*—>- 4 _aLl>2! j^_>JI_3 jJU CjVL>- jt-UsjHi t-U-J (j^ U 


- «i 


. r 


ij < s . ~ . t ! <— j 2_5* jUa SJLsJi cjjt yiis <jJ-JI jl JL>2LI ^ tiL3s - J 

* 

Lc Ljpic. ■ t <_j ijaitLs ^LrJjj U^v" ‘--r^ jj-LaJ! J-IL ^ajmJ La L*«a Lj^UcJU 

.(19 - 7 JCUJl} j_^2' j^is'LLo ^SUi.' Lj ( JlU (3^^ (^) 



.^JUJI Jdt (19 - 7) jslu 
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III «i I *J I 


‘- r > j— >■ (jZ>jLt_lj ( k t.j-->- J I -N. Vl I jl JjVl JjL» (_^ J a A I I 03^2 1— *jLc.j —2 

(LOW TIDES) LJU i .% * t, t jlL I i i a tol L j ~> *1 I aLji 

.(19-8 JSLjJI) 

UT^ 1 <L£j-»JI 4aUo jJs jJLI 4jj jill £jlliJ! jj-oj 

jLe-Jl oLj-jaj 3-uujLJI cjIjLSJI ijAj La t-^yiiiLUl t-xJ L u jv VI i -. 1 1 -i-uj SjJjlLa (JSLi 

I^J^J L*>o t L^-i,il,. t j ,J a^>- d^CLj^j (JZj (_£l / <_oljjjJI L^Z-SlIa (JZj ti~i j di llaj -» J, I j 

I t 

4a* ,JSJ 4 _ajLj 0.002 (J., Vi 4-ujLta jLoljjJj jjZajVt (Jjla SjLj 

^-a-aJl jjljjj 3-^3 j^lc. 4 j i^jVl j^>Jl 9 jJU l^jZJ _^LT “ZlLjij 

4-Lj jjJj ^ jJI U -Ju ^ SjL^lj OJA ^jVl J>>- jJJj 4j] Lap* ^jVl 

* t * * * 

£-* L-^jjZi cjjJLjj 4 I H . i'i (Jj_> ^-aZJI (jljjj ‘ L^>-J LaZlj Lu^-J Loaej 

O' jL-^I cr^-) LjL Ljlj La-Lj 4j ^-a-Z!l (_yjLiJI j»LLjJl jjLS UL_j 

i^jljjl (ai-jJl (jp3 • (J a jaj j ji .ca 1 , j J .C jjJJU TORQUE jljjjJI Ja-oijl* 

. 1 j I II. U ypajVl (jljjj 4jjljJI 4^.^j_a!l (jLu-trt ) L. . Li.il ) LicJj Jlo ^ylaj^Ll 

(L-e = Ie® e) 

Cr*LiJI |»UaJjJ (jJiJl i jp '-' ii LT^- 3- J Ljj ji J-JO-ZU iZUjJj 

; jjLb 4-j.Lc. j .CjjL 


(L-m = ^m® nO 

4jjLo 4 L . U ^-a-£Ji ji jLjbc.) t L ocjj L j Jzj j-aZl? 4 jjI_)JI Zc. j,^>Jl (C3m) c^jl^ U.J 

cr^ J ^ x 2 (^ ) j * (m) *(I m = m r) j-a.lL) ZJLLjlII jlIc. 4 jjLa 

^jtjJI fL>-j-Jl j!j>j yL*. 4j| gin mj 4 _lLc. *(. Luj . ^Lill . M j.~ A , I I ZLSOI y£j^a 2 U“‘. 

J^L (jt ailx^a I jutj LcJtJj-G (r) ^-aZH JLjj (jl *AJ M-a (Lnl) j-q_flil 

* » 

♦ LZuf £_a Loe_ij_G 

J_jL (jlj (j^l cr- 4 La^ Jjjj tlLLS' jl J^ZJI ^ JLJ ^ 

>t jVI <Ljic. La* I—Ijjal j-alll (jjj ^^1 4 alc jA L^o jjuzS) jl£" 


357 



jjjyJlj u r -t i U jJ>) (19 - 8) ,JSLiiJI 


The Planet Mars 

* 

j ■ • “ lLo-J <jjLss-U 4 S li ill ^ jut! Ami) Lj^_Sj iJjUI < i o,~ i.rt t _ 7 3 j 

^■jL>- 1 ~1U j (JSLiu ^yJLc. LU ^ j^.v t 4 i , a a (* j a.tII 

JLi.i.u$I jlxC. jJl) Q^hlj j^fj-LI frl-l^-u CjLjSLoJUI LljpJ jljL-a 

jl (_JjLajJl Q^JJLj 4jjJLo ^^LaUm 4_t_3 y.£ iM JL3j . (d -»■ ti . .. (^J-C. j Ai *i i 11 JuJl->J 1 
jjlll 4_ijl i>i.ill Cj^La-^Jl {j-n SjUCLui^a V-Ij La j 1 « 4 • aj . ( Lg lo 4 i i Li /i 11 

4jtJta-uj i _ r lc. j-iSuLs 4 m ii am ( ~ i t-i j ft <■*•< o>. 1975 - 1964 j»lc, JlL<3 7 , 6 , 4 jJjjLa l^j 0-4 Lb 

:4jjLxilaJI 4 i^>A- ^4>| lilJjj (_ylc. 4-La 4j^ejujj 4-jjljj OiLlUI (~i » *-. 
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a j 1 1 


jjubj) 0.09 jIjlLI 4j)-S^a ^ jjj_4Jlj 1 4 t\ 1.3 SjL*-J 1.5 (j^- 0 M iJt 4J_*J J rt i.ijXa 

< 1 .9 ciln UTSl (_y!c aji j_a 1 j_c. La i_i$1jili 4 > K i il L 2 j-x 

(_JjJ«JI <j^)j 4-C.L-JI l_ijLLc. (J-lSLc. 4 ,i q -r ill SjjjJl) ,^_JJ 687 Jj->- Ojl Lflj 

Jj->- jljjjJI Sjivdj ,^4_uljJl3'i/l SjjjJI) Lajj 780 (jro-2 4j-i1j^- 2'^1 ^JJ-i L°t (<i[>-4Jl Lr^l 
4al j" i,i,I Sjjl j (Jj-a j ., a jmJI (jJI <_ijJ»JI jaa 4-£.LuJI t-jjLli-C. (j-uSLc. 24 37 22.6' ajj-Tc.4 
4Jj_Cj_wj (Jj_*_aj ,^4 _*jj^1 Jj ■ --> 2 II l-ijLo jiaj^LJ 4_iLiija) 25.2 4jlj-a t _ T lc. 

,24.5" - 3.6" (j-u La £-jlj_li jl-iflll JjL-a-a j , thj/ ^ 24 {j^a- u ,Jl 4-jjIjlL! 

4 1 ~, 5 ^j-o 0.107 3 4 ~ l~._< Lalj j_La_3 j^j-a 0.532 ^ , 3 ->- 3 -> JI j- Lv3. ll JjL-*_aaj 

, Lj j 5 4 j i jl— >J I j-o ‘ *J jj J 1 1 4 j » ^o_u< j 3.96 4 — 3 1 ,5 — 1 1 (_Jj— *— aj tjlajVI 

aA-aJI . ■ , on) 290 K° 130 K° U±i Lo S jl^ 

.(j-ujAJjj jjaijjjS La.* jlj-a-3 ajLaiil JJlC.j ,0.15 ^jiaLjJI <J>aL*_a_J ,^4 jujVI 


c , iuj.I r> Li-iill JL>kU 

* *4-Li~ I J-j c_J Jjawj |»JlC. Lr^ 1 (J^y Lo-o Jjavj-a j-uC. 

* 

J a .L , o J I £_Luj ,4jLujl_j>. 4iSJ 4j|j|_c. ^ i i i iij , I < i h i (3^-^J iS 5— J- <— 35L-C. ^_jj_aU 

Ijl&j .(jioj^l j-»vJI ^Laj-u Juc. vLvJuiaJI j^a 0.006 ^Ijj*- 4 -» U . ,. j^lc. ^jasJl 

* 

t>° S jb->- ljt^- £J>U £2o^ <_yk. J-*>j jl alU j-*-aj (jJI l 5J_H3 l-A-^- 

i / l j'vrVi ^yic. (J a - « . ~ J ( j . na - o i l l ,j -/0 4_ajL3ll 4 j -r 1 u ,i ij JjjAJI 4_*_iV! jli lUJ jjSj .^jLLI j a^aJI 
U-Lu ,4ldiJ cn^JJ-A^I VlMf jrtja-JjJUA ,jyx M £\ e.’Sj-^ «• LJL1 

^ - Lvt„ t-iftj Ijj Ij^Jj ,^(_^j^.VI jljil 3.JLuu5 > I (j-Lc. (_Lvj»j ^ 2 . , 

A tjJ*: 1 4J 4 “V ^jJl jjLs (4 1 I iiLLa d * Oi 1*1 d 1 1 I ^ ^ A ^_I ^ XJ^II 

* 

uk- SL_>. ^ julj cLaLJI Ijl^Jj . ■ La •> ~ a jl (jJj L^ejj jJj a . a . .. £>jl^_3. .^.1 1 

* 

-Lj — 1 ,1 5 1 {_j-iLi jl— c.: j-o 1 — m Lfcul ' — 3-1 1 ~j ^jjJ.1 _j— >• jl ^.lc. ,-4 ., ..lj ill . .. 

% 1 .6 4 .ll.i m (J3^- jLc.^ , %2.7 4 1 1 .i I j oy^-^j ~ j i 1 1 jLcj , %95 4 . . .. ‘ , jjjjSLJl 

■A-. x l j j A al_4l 4 t m ii I Laj .%1 (j-a jJ-3 1 4 ■ . .. m <;Ui,| jtitJj (j * *** * “5 5?t ^ \ .-ilj l A 

Lcaj 4 _,jL1I Cj I j I ti 1 1 (j irn J (J-iJjJ aLU 5j... a j l5 , ~4 j a 5 viJLlA (jL5 4 jI aLaJ-vJI 

(_y3 4 a. j •> , , ) ^jLa-C.^ 4-ij-, ii 1 jl 4 -scia-uj tlaJi _LaJI t jlaL^ V il ,... i i i„,,.) j -vll j V ,~ 

(Jj_ ua-nJI Sj-iLlo ^Ixj ,aj1_l_a j_yki Sj j -^c-a (j^Lj_a ( m , ,i ij j-kL 


359 





j i jl-A>J') 5 i v.n<i. > ~i U 4 _i it-i li!l 4_^Lxll1 


llfcl j - l _y3J^I l-3_2j_aLll I I jLlULi 


j^kI^jjJ jbjj-alJ <1 1 ^1 1 SjjSJI < <1 i-Vl tllL toJ l l LyJa ( ..l.-aJe-lil (jjj^£Dl JU_4^l (Jjjli 

4ojjJ 4 n ‘ . -> 1 ^j-a 4 < il* i -V < i £jjjf . La Lao (jl j^JI I 3j ^ I j~-^L.,a 

^yJI 35 (ln -1 La 4x. j-uuj i <^1 jljoLoaVI ^cj L#jjJ J^iao dijL* 4 -jjLaC ■ .» . .. i q I_q ( j J a 

jl_C.j *Lil ,jja 4 _ i > l~> CjIjjJLj ,j-a Laoj cLuloJ l . ., .-*- i » liJLL&j , 4 xLm / ^ 50 

JUauS I 

juJ^II i_A jX 

j^auuJJ ( 4-J 1 a i~J 1 ^JLaLlil (jja Laii^ i—ifjjSJI j^Li , .. ( j_a %40 (J_ j g ' *J I ^ L i~ 

Cm . aj £ya 1 Ju Jl>JI . !Uh^Lj 4_ujiJlj ^Xi i nil ^jJLj ( Ls^LJt ^ 4 _uL£joJI ^a->Jl iIiL^j juLa 

du > 4_iJ_j-L>Jl (JLjLLII ijr 2 Cjb»n~ljJUj 4 -J_jj>J 1 JjLUil JUvjjj ^LljJI (JaAj 4jjUJI jjje_uaJl 
ilJjLu 4 _^jJL) du_jSo Laoj (_,oJIj 3jl^JLi °J -M~i-I.il (d^uLSj_jJl j.s. _->Jt j i_jjJl1JI 

• £Oyll ^ Li , n t 

1 £=l 4 ' 

L>bjVlj (jr i£'^5} _i~v La J_>- (jJj 4 o_Juj ^_jjJ,1 4-^jJi^jov jji c.1 al » II j,ii~ tj 

* 

j<J ^Lba-S . 4rc_iisljJI (__ya-*-J ^a i_JJIj ^LinjJlj 3yjii_3J1 CjLi_iIa (j-a 

i—S^S 3^_»1u 3 jjLi c.LaJ-»Jl (J .1 ~i_i_u 1 1- 1 g ]j ^cjyJU ^La-iu <_r^- ilaL- JuJ (_£l tl_aJ_*Jl J_scj 

.^yojVI S f^ya 4j^Lu 3J W a i n 05^-* 

4_j_jJjLjJI J 3— ia II (JI jk -I jjJL £3LUI) 4, ?c Li m (jt-Lc < JU-V. > JI 1 J m 51 {jlj ljui 

ill Lil a-C. 4 jlf bjjL5c_j ^ i_»^Sjl I Juii jj) J JU ^j^l^jJI ^a_>.j 3juJ_C. jJ^alj-O (4 jjLL5I^ 
i_u i .ijj (jfJb- J^LojjJ i_3 \£^ (JSLiIij ojjj jji^a ^>^3 fa-5 3j..b,3ll Ujj jjjU-ail 4_i l i La3 i_i.<.u^j 
J o J— >J I j^ya i—iia (jr^- <Sj-^ L=K d ^ L)l dbai*jl -l 3 ~ c_ »J j . AlUb j^yS 4 1 j dJi 1 1 (jjLoJ.1 

^oyLl .xlc. jiy-^j Vj .3 ^js>^JIj j^yajVI Lj j$ JL>JI j^4 \-jiS iJbJI 4^15531 jj (JSLiillj 

• J J 6 1 ^ a S-4 4 3 ib 

Cd4 t J u3) 

-j « i NI ^ ^ 311 (_^jo ^-’Lij 51 ■ ..l~?l ^|. t V ~ nilj j» 1 877 |*L_c. _Lia aj\ <i 4 1 < ~<3 ,i !7i ~ 5 1 

j. a all 4o aj (it ir'iJ I a ^ _M ^coyLl (_yic. ^j ua <^l l f-J-^ j_yilSL*-il l. < i i Q 4J j o i nj ((jjuj-aoj) 
bijLLiiol j«u CjLoSo^-SLII ^l^yov Cu^jSLj Laj_ylj (jl t ~> -Vl i— tic. I i_jy_aVl 

; 4-LtojJaJI La I^J- (^L> L a i£i j .^JyLl 
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itiJI Ac j .4- > 41. 


: (Phobos) (^.^3-1 


j a all 4j jJJ j ^ jJl j»UklII ^ nn .l i ^c_j^JL l 4£tJ^_a_U i— l ^9*^1 J-&J 

jj-c. «dSLii<j jl>.Ij LajIj jL^J.1 <*_>. I jj llUjJj (7^ 39 m ) ^ 

La^Jol3^ 3j_m? 4_uI£jJ oL^Ji ^yJLc 20 . 4 _ju 3^C J 28 4jjJa J-Lu j] 4^i-LLo 

4ii£ t j^a 0.01 {jja I ) I J_>. o^.j-iju") (j» 20 *- ^ 1 0 (j_a L^. LvC J j» 200 — J» 1 00 

* 

. LJL. 4-lL (_jj y&i tlsLtaj i_£( Xj 


: (Deimos) 


J J ■ 


4_X>_>. J Ju >- 1 j <_>. Laj I J j $ laj aL-rt-i 1 J J ' 1 Ur^J L^l 1 1 1 

£-L ij) ^ ~i i a _j j <*. d , l 5>.il/ j ,(30 h 1 8 m ) £cj^_U (J^— ^ ^H- 3 ^IjjJlll 

* 

Xj iljL>. 3j_u L o d " I ". Kj .qjj.& CjU.^ 5 V i(^a^ 10 <ju 3^C_4 ^tt£> 16 

* 

j-a-9 4j^ (j- 4 J « < «*> ! -a iil l • LJL> JaLJuJ (_£l (jr Lc. (j£ _j!oc_i 

The PlanetJupiter ^uiii i-iS^s 

4 1 1 (_ y jJU 4^M-4J«JI C-^t^S0l 3 x._J- 4J6^J (jjJJ-IJ O-J^J Ijj I j (_Lj £-d (J5>. 4 i IlJ 

J-aLJu-D J- V .-LJ 1 3 11 i 3^_t_»SLJ I L^JILlSj jjSJI I J » ae *»■ a 

4^-jjJl (_j 3L) dJlLid t J a-Lj Lj_sL £-aV j-Lst i5jj^>J.I (^uJL 

* 

(_y3 Ld^— 33 j j , 3 i ~ i 4 ~ , 1 ii 3jJL <lL) (J5 4jjL^L-Ju-a (ji-QJJ 4jLjJL <_ i.,j -w (j^a SjJijJl JLju d_oLjJl 

4 jlr . J~tf I'-I j CjLj^SLuJllLl SjlaLmiII Lalj - d • ■ ..'! 
CjJiLJl j,J 1 £jja jTu 4 '1 1 , !-. a 

Jl_A_jJI i yu^\ ^ La) ^UUI j_^VI ^1 
* 

J-33 L 1 1 n't 5 ^Ibi a <L^a^jwl <j . 1->_1 -aiL 

.(LxU jjjVl (jiJI 

oJljJX. dLLaji "j A . .. jjxj Cilllal jL!j 

i»Lc. 1 1 — j—jljj—uj 1972 ^Lc. 1 0 — j— > < 

Ll l oLjJjuU j j~i*% 1 1 4_Lc. c-3_^c. 4 1979 

4 _ i ■ » .— j. , j Wi 1 1 jj-LLcLJI La_j^j .j>-^lii! 

: j ~ Lt . I 

LaS (J^ULU < (19 - 6) ZjjjjO 

1 0 J-1JJJL* C- 1 ■ J-l .~i 1 1 A * , ,4 ■ ., I r", Uv X" 1 1 
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j iikCi LU I JmiiJI 


0.048 jljJU 4 jj^j_a l _^ jj_d!uJlj 1 4 1 3 3 _lu>.j 5.2 (jJJX-uuJI 4 JL_»_> il~> . .ij m 

SjjjJI) 4Jujj 1 1.86 ^ ii a iiiM (jljjjJI Sjaij il 10" 18" dli,.lgV 1 (^Jlc iS j ~ 1 " a 

,jf.S:C . ) 9 h 54 m Sjjjsj '1*3^ 398.9 ^ 4 ^ 4-jjljjtaVI 4jjjj Laij (4 < * ■+■ *n 

3 7' ijjIjlji ^_jJLoj-a (jr JLi 4 j U ml Sjulj *(i3j c4i ([ya 5 f . 1 ... 1 1 i ijLax. 

(joiajUI J_ju>. 4JLc. JjUuaj >(d)Lu>-j.j ajl Jlj 3 1 11 a J-uu 0 j^- 5 c_a) 

j L- 4 1 jj9 10.79 (j-a j . ^ . -fc. n y l-i H 11 j ,48.86 ^^-aLlail ,<ij j ^£i 13 

(j^SLi Lajj) *^-uu / ^-c 1 ,3 4 _al_iiSJI J j — *_ aj 4 i~. *C 318 4 ~ i~ ^ n i~j <^jVI 

dJ^-Lc. J _j— U^ 3 JJ <^J / ^ 60 4_ijjlu>Jl jj^a i_ijj_$JI 4_£._^u_uj ,(JuLu 4 a tn i a 

,0.51 <ju>Lj-jJI 31 {_yA LJjiJI , ~ 1 1 n , U 1 1 j 130 K j_Lu 3_)l_>a>JI 4 _>-jJ_j ■■■ 

* 

. 14 ajLdi j-jui 


( _, < »j U LUdl JL»J,t 

JLsJ.1 5 J , ui jj-rt dllj^a 10 4 j J . U J JjLjuJ (_yi.il jl^LU a (JL-~r_ a J_>-*j 

^Lj 4jjlju ^( J ..a.-AjJ I ) (jjljjjJI oyyszji (jr JLc. (_yj-»_4aLLiJL1 oyy£z-a (JjUUJ (^ylej^LI (_, < „ jULuLLl 
4_jjl^>- 4 J 3 LL 2 , *• , < jjj , 4 a 1* >JL I CjIc-Ljl^MJ ^^a j.lin^ 'Sj~‘ ‘‘■‘O i-.,5 ^ j y «jj , 1 1 

jiAjjJI (j_a 4 1 . />"... j La ‘ n t ,l~> £yt 


•o- 


CxJ^ILal 4_ulu.Jnti.il CjLujJ>J.I 4 l-i , ,il yj all CiJli-l t 4 ig jl-ill uoLu/ljjJI Jju 

: 4_JLiJl CjL^JU (j^o (j ^C u J (_^j^JI 4 ^^Lc. (jl (_yic. 4_La 

CH 4 (jluJ.lj NH3 LujtaVI_j ,%17 4 _j i,i,ii J, j HC ^ (%82 4 j 1 1 1 ij H2 3 J ^ 1 1 

. % 1 4 1 1 .iJu 

, Uj U\ 4_d2_>- 1 (j-« ^SyJjj 4j( I^^JLAII t~,-^ .i ~ 11 4_i_9 1 juiJ I JJ in II j 

^yjj oljUll 1^3 ‘ f -lj -»-~i~j ,(jJi,i ir ia iU.t ij-ill 1 jUll dil.Jij.lr> (jr j& (aljljjj, 

a ,ln « ,J -> dil j (3-laLLa (j^. 3 jLj_c. ^yUij 4 j j ,riU (jiaLUl dJLL&j 

diljlill ^lr_ L^jjj _1 a' «JJ . 4 u».jL>. j^JJ jj^a diljlill dlj , n-'i 

( J^ ■*■**! 4_Aju 3 dilj^L) ( J*C ji, (_ 7 lc, Lu 3jl>->J1 4-jvj Jj , l-> « , JtJ I L-faLu~>>. 4.il~-»JH 
4_ajj>.*i?l 4 JL4> jy jin ^lr 4_^,uaj tjljJJ ,4j_jJil S-aj-^-^l 

(_T j Xt l 4 t3_Jl (_yC. J_j 0JU>. 5j 1 J 1 a 4 3lr>ia dJLlAj 4.. il~r> m 4njl 
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d j i.i ft i t J I 


V J JSLjJI 4-^1 .^> n l_4jS4J a Ail I 5 j£l\ ^ The Great Red Spot 

(orange) (pink) ^j^ll uyi 4s ^>-jL1j <_4^5J1 £_a jjo3 Jj 1 $ » < v-> j 

cJdi 24 ^ t_DI 48 

jj-C. t L uJjlJI Jlj Lsj 4(J^~u«,U >>- S_LiJl 4JI <_Ju-a I jj^a ^llkj L^jl cl_ftJ-*JI J. dTn jj 

. L ^1» . _ ij. U l j_a ^ JlfaLLa 


* d_JUJl j^a-bLm f^ya Lu jjl 1 1 <i 1 1 1 1 >1 d" 4 _i 


l.g 5 < i < » ^JLjj <_i5j5jl ^-La-cuJ >.tr» _;->.*) 413 LJI j j 1 j 4 M 3jLa <— (j-&3 '■ 3 j-*~ 3 1 1 — i 

(jj — i L a 3 o, « II I JUS daui—LtaJl t±x x _ % . u>j2aB i h is* I £ya %33 

,4iila^ 4>.jJ i_ 3^T 10 Jj-aj (jl (41 (JajlJI £-a Sjl^->Jl 4 jwjJ l^jLc (.£>>• 4 ai i o 

OJjJJ I ilaJLuaJI iiu.^i tix-cw. ~*~JJ 1 Jq ^ (jj-t-a jj_a (j_^5-*J L$jl ft La It 1 1 J 3 " « j j : 

. d 1 1 1 ^ 1 1 d i A, SjUU f\xi dJbv J<L4U l q i J_l^J I oLuja- < i^~3" 


Jl5Jjj) d G n ~ 1 1 (jjL*-ll ^ - La . « -ft (^C. i_g jp— 4 jL) ftLaJUJl , nJi ~ »j a : <_JJI 
4d»-jJ L-dJt 30 41 «_JJI 3jl>w 4d*jJ (JioTj ((jjL*jsJ-l 0 L>.UUI t 4_uiijJlH 4-tLa-C. 4lJJLS. 
20 { _ ? Jl^aEd jJLdj_3 <_JJ 1 4li5 Lal^j . (__£jlci iS 3'^ dajuJa £jj jl d 32 ( 44 > ' JoJt_uajJ d3l L\ .a 

aLu^ .415 <_ <5^5 ^scjv £jj> %>0,5 <JjLju (jr^ Sjj i n~r a <xll& jA Oja 

u-tj-wJI 4-j j) t Jr. 1 1 CjU^j^I 4-S^jv ^ | jJl_lj lIU J 

♦ < 4ij!r> i J t 4 Lrc_4 ^- L -^ ^ 


^^■u J L U ja 5_u^5J1 4-xjj^I jL^sVI njjluihll jjju I j-q-3 14 jjv 

(lo) ft L a -m ^l l^ - jl g. (3^b .j»1610 ^Lc. I^_d_iul5l (_ya Jjt ^LS" ^jJl j.^1 JLc. jL«^Ij 

(j^LiJI j-x-3 Jl (illiAj (Callisto) ^i^u-JLgj (Ganymede) jl (E uropa) IjjjjIj 
<_ dJi^5l jl il^ J- 14 t’lj-'l >-411 1892 ^Lc. < 3 51 ^jJI (Amalthea) 14441 

• (^ylj dju4 .^1975 

jj-G j-xlalLc. jL 41 L jldj jL^al i_j ^J sl <uJl 3 j : 44^141 jLc 3 , 3?I — t 

^4* ^3^ 1 ^ <_4i 1 tjrtJ La £jl J^u 4-ftjljJ J eiil^Lajj 4 jj_j 1 J 4a4 Cjljljud 

J^L i ^ aU J_>-U >4 oj Lilijjj <L PajVl J, d. ? t i_uVl (jljjjdl ^Uaj l - g ~ <4 J 
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■ y-uUZ I I 

* * ft * 

ijj-K-lh L 9j~* ,j^a La ^ >- J-xLJLc. jLa-Slj . Lwlj ^gj ‘nnll 

jcj j-xcaLv- joj Ljjjl ^ jjT ^<vj ^g^. A . ^i ..A. U LgjjJat LuLJLal juuj . iy ^^Laj-JL) j\ 2jsj_^_U 

* 

U U-i-ij . \Sj-~ 1 ~'P £)£• ' ft ■ -* • } SjLjj Ll4>eJjJu jLa_3jh aJJ!> 4-3 Lj. £ JJijj - j ~ ... -J j ^ 

• la ‘ i4.La-ifgjJI 4_ilLjj_iSJI (Craters) j 3 -»J I a ^yliJI t ^ , .. 

.•>■ 4_^_i.i_i 1 c. J^Luu ajLa-sij i jJLi (_g_jJs 

* 

. I lj J- t - T ut Ui£ LljljjJu Vv" 1 1 JaLiuJI IjuSi (Jajj • Lgji 3,jIo ^yS jjl 

* 

. (j-ajJ ^ Lh - *^ ^ 

Sj-iJ> la 1 (j « 4 J (Jfl — > J 9 ) j-l-uLUI (jJI ^jLJI j- a J U l (Ja j~~: ij : jLa_a^/l — t_j 

J- u JJ ^yi ^JLu 4_xLaj 3 ~ < 3 j (jyZLiill Jy*. yjJuj 100 I n . 3 

270 LyJlyrfc. 

^yH jj J lj Ly Ls j _i <i"uj ^ i~.iT. £j[yll y a . i J( _yj/L«Ji y a a]\ jJ a i*ya : 4_i>.yL>Jl jL*3jM ~ 

I (jr lc lyljljLa obj)" I II a (J j 4 ) J i5j-ll£ 4jySy4 4jjjjuiii Cjl j 4 JT- |j' frl C-lljljLa 

jy. i_2i3_3eJ LyjySkj (Jju 3 I jjl ft La \ « 1 1 „V 2 “ «J iht- yv . . I— LJy-23 9 (_yJl 3 (^yJly-Scj 

t j r A Ojj-j-SI tC-o^oJI ^ 1 1 ,i~j (jjill CjI £yi 03^ • 4-lL v I jJI jLa-S^I 

L_ijUic. £-A Lijyjtja JJ JUj .4jy^>- 4 ojIj CjIjIjUj 1 g.i.J - y ~3 

t—lSI ^SL5(j 4y3j ll'v C. I^-C. 4£.\_4^JI 

The Planet Saturn 

^)l j.I/a tySl jSlJj J-4-^-i L,w°J aJl3JI JlLxj 43j^jlLI 3jl J mil l_<5lj!£Jt J-i'l ci^j J^-<LJ 

A iiAll I tljLiUJl 3JLi> 4_1 ‘ la 1 >Q <■*•■ I ->- 1^1610 yAxJLc. JlJ ^ l^L L-Jy^.i.n 1 1 II 

j-i 4 l d"41 ft 4 t-< /11 J^jss^a 4jy^ ^ 4jl3 3jy>JU (^A-*JL) 4 jJ 1 Ljj, IS j Ijl^j ijjyUI 

Sj-iiljJI Jju JjiIJI ^y3 USb 43 jjj i(_gyj2uJll JLjlj 4^^L-4J-lt i JljvI • 5j j ^ 4 

3^v 1 ~ ^ CjCayJj>_« a L a 1 * J 1 1 V 1 1 u l^a <1 rtll 44jL_>wU 4_ n In i 1 1 t l— m 4 

* 

. lj j //^ 4j . U 3 1 1 j ^1979 jj-' 0 1 . ~ 1 1 eiiL u i > J.I 

^o-6t iil i!1_g 1*198 1 j*Lc. 2 y_>.lj_j_3 (j-u A . 1 .1 4_jJl (J-t-aj l (1 y_>-ljy-3 jj-^ v.1 .1 4—J| (_)-^3J 

; 4 n 1 . t-i II 4. — >*i 1 1 /T ->- 
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‘ ^ _ c j Lr lC’ |_4*2 1 00 Jjla9 (_>*jLc. i—ij'C i ill i I j l-s ,t i \ I Li£ (19 “ 7) 

.i 2 )L 3 i»J!j S^Jy-vVl 

3 . £ J* <0.055 ) si jll 4_i ^ ^ Ji sa V i ‘. 1 1 I^a . A i\ ! *s (^j | Jjj w ^ 10 1 ^C. £juu] 

^ 29.46 5 ,11 ^ijjjJI 3 <2° 29" 22.6" dtulTVl flJ ! j_* 

^tjjjJ’ >ry- -3 /8 4_jj|_p£V! <Gjjj Lolj ( 3 lc. LJ 1 i_ijlrtc [ jj£^ < ill 3 jjjJi} 

j).~> I,,,* 3 j^Ij t(<jc.L>.uH c-ijl 3 c. ■ X c. j 10 h 1 4 rn 24 s .>>1.1 

(J.J-tw !4 <(3 j_;j 9' <lc. jf3JLj ajljLj« a j3->4sl i^ 6 ) 26 45" oj!,.^ 

19.27' CrfjijJl) ^ lra21 1 (ft * thj j 9.65 (j-u ^ - J jJI ^ I jJ. I (* _l £ j^t, 

s=— 1 “* . M Jjjlxj i ;_w3j^ ' <2l£ jj-C S^JO 95 4."1~ f> ^JLjj j la^ Sj^o 8.9 <J ^ ~ ■ 3^.11 

95 K 3jlj_>Ji <dj / ^ 36 3 xj jL_>J I ,j^a 0.68 

• '^_&£ 1 / tfjLt«£! 2JX, (0.580 (_p=LijJI jj^al t aj . s. j ■ « 1 1 ( j^a LlLiJ I i*! 1 . a .U.M 


tyA-JaUJdt JL>> 1 < 

JL>2.1 3jL_l- t_4Tj£J! jj^o C-j^JLal {^,321 4 (1 1~ jJLl 4_ul_Ja_iJ1 oL-A(.->J.I 

jic ■■ jlV -lj-l.l ej^2t_« (jl i < • . 5 .^jlaj^l (JT lc, 4 jJl2u (j-a 43 . L.~>-^-3 ^ j ■< _il->li i 1.1 

J- ? a. rt L s . , 1^3 Jy>»jp *■ ‘ «l 1 » J I ^ .' .• I II I (ijjjjj (t_g^"i .^l l Ij j_p3jV i l _jO(SLc^ Oj^ZKja 

jjLijJ'' r t, " 3— 3j2'.jJ! Jj^ jjii jjLs 4_<,^>.l a, , i:.' ((. i5^£JI 

. ( La^_£. j, cj U_j3 I cjLj_j^ 3S2^1^ j 3 ~ij -- ,~, * 1 <_j j‘l1! 

JliUM 

—a ' j ! 2 )"* ^ — -'<i__4 4 _J 5 '-^a ( 34 s LLcj i ( i i i_£y>- i— 351 -C. 

*>_j_j_aV' ! ^tlj ,h 2 ‘CH 4 (jULoil jLc. ( j^a (_yj L l 4-»^.! I 


365 



----- — 1 1 

4 A^a 4_u*Jj Cjlj^L JSLi f^LC. Cj-3jI£j l*il _^>J 1 ^ 3jj->.jja J-±i- {Jr ^ NH 3 

O^^ Jl9 C 2 Hg oil; VI jlc. O' JlSJj 3 j- nO I Jja-j 4j2l»JU ^_jjJ»JI aLa^jvl 

4_t-ll 0'-*-‘- u -^ (jr^ ~ <- l l ^ <0jljL/a O jO -<.u-a ^yic. Oj^X-A <Jj-<o l JJ I Jji . 0j_>. 

4_jlj^-lJI ^-L^pl tjiioj i4jjl_ui,1 4 jlJjVI (J j i ^i3l l J^>.j (jJJ ^Jjj > < ‘‘J~ > - nl (J-ujjjUI 

* 

. 4_1I^JI <Jl)ljLpJ| Jjju- 3 £_fi 4jjiJll <Lc,J>j>.VI JX.L^xj (_jl)l iIjl=k 

A, j_j-aj-5L) I 4 ] j-a ^ja t-iS^JI jujVI 0- 4 4_uj_a ol_lL>. ^ ; i.i.j a* 

4_j1jJIj (A, B, C) o ^ 5 4-*jjV l $'u& 3j.jt.ill B, C, D, E, F, G 


4jJ_l 1>. 4.3 ; Vi i 4, 3l j L d LLL-lj 4 j^j|j JLflj £j_a Qj$L~u t _ y ^O CjLSJbJI q J,J> 4 t i I la Lai 
3 « 1 >» ' j^JI (4_cvjl_>J I CjLiL>JI) olj.jj>Jujdu 4 t ihtt La L&jLLst ^uja^JI S^aJLua 

^yja JjLh-Liii ->11 <?J-4> jJjLJJ . j— l^j 3 (j-3-jJa (JSL1 (4 jl-x | jjl CjLH>J 1) jLljal 

Q alt M J_3.~i.tja Jjljuaj i4_xoL>J 1 4 ~r > , .. 1 j * a JSLl Oj^*-i 4— i^T-j.Li.lji I JLiljljLa 

jl>.(jj i^Ulj (_L>OJ 4 joIj jj_>L t _ 3 jJ I jUIVI jlv 1 LjL3j o^ gl» U-ij CjUJ^JI Oi^ O' 

j^j-aj j_a-3Jl OV 5_aLidJll C'T; u t> i Jj-p. (Roche’s Limits) 4_^jj 4 jL^) o-* LujO 

oLjO (jj-lj ' IjLfc ^iauJu-u LfcJlic.^ M-ia^SJI j In 4 < 3 i ^-l J 0-4 3 j-A (2.44-) O^ (J^Sl i— 

4 _a.J »H 0- 4 L)1_3j CjI a t 1 n_->»J' ujut CJ-iL^ LcjjJ . I a .glxj jO-^JIj J4I (J t n j 3 ^j l <* i a 

0 4jjl_iJ1 Sjlll 0J-& Q< <a~~i ^<dj i4_i_ua_ a U l 4_c._j_a_>ll I $'ia C -i K i u" (j3-H 4 jxj JU- al I 

* 

24i£ tLaJUJI jj_3_ja 4„u>-jj 4jL$j (Ji-lj Lirijl L jlU J-t-li Oi^-4 !__3 jI£U1 

3ljl jju CjLiLJ I 0juS> .jjlajVl 4l35» 0- 4 Q ^-41 L J->-lj CjLoJL>JI dJji 

pSLa-i till jJj jl^VI (_y-L^ 27 ^1^-0- 4 _jj|j_i (Jjjjj [jUIj <_iSjSL 1J 4__ll ^ ~ <n Vl SjlljJI 

I j . .Xc- 4_3 j^L> «_dljj L_ailjc3j .jiLlII 1 JI 3 L 4«ialljcja Cj L iLxjL) jjlajVl Jufe l 2 i a ll 

4yu j q t^~ a ^.LaV-l 4 . X » 1 La ' g < aa 4juaV (_^3^ * 31~fcll 4..<.»X « J La l j (jjua-UI a j) < «‘-i I 

• lg-ik 4 L al < .ill tt 0 m i I I 4 t ,~: 1 o^a ^^6 0 CjLaU. ^ t 

^JV >J I u I 

.<15LJl Cy^jj ju^JI (__yjjLa 0^° i—s^Lc. o-^ C)3^~ u 3 " -l 

Ov^-Jjj— ^11 0-4 4 3 jLi l j-A (jj^A 4 jLj J 3 . ~ i. a ja 1 .1<^ 4 ;- l i_a^Lc. 0-° : -2 

. Lfljlc jLal jJI jjjlUI . U j <>.11 JjlAj I ji3-»t_i 0-° 0^JJ - I- J^ ^ oll)-^" (_y->J-*-ll 
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4 M.iaitil 1 

(ji Lujj ■ t^£j " -■ 1 1 La^ «i— 4 .no (_£j-ie_i4S (_a>Lc. j-a <jj£2a 4 jIj . V a i ju_3 : ,_JJI -3 

. dj.iC j . i-i- L jv JL^ a lj 3~>tl jjLxll (j-a 4 a lo « a 

f 

(jlljj jjLa^l jj£1j . 3jjiLi.a (jlojVI i_£> 3 Vj lot a J j-a^ 17 ,_h>.jJ 

: 4_JliII ^j-aiu Titan 

CHjj (jLlxll jLc. (j-° 1 i4jj ‘ 3 j_i-i£>L 1 1 a ~ j i M -s- n < 1 j a i » (_£jj>. <— aj — | 

U-ijj N 2 jjI-lDI jLc. ■ a -» U , .. < jl no (JjLuj ,» (jjlc. -ia>- I jjj JL3j 

. dj J 1 .0 a {jl£» 

4JaJLus Lalj ^aIojVI <_3>UJI ^Lijj! u^Lj-uoI 5 a_a^l_c. > *1 a tu £-Llj — l T J 

.(j-ilajl (_$3->- * * ‘ ‘-Q 1.5 «J ul (_£_jj>JI 

0 

.90 K 4jjIj_>. a^vjj jJL»j 

. (_£ J -l Lw a ii m tj ,_gj ~t no a A .^.'i j | 1 j 2 jLlxj j ^ SJ I 4 bIj£ j-Lu — J 

The Planet URANUS ^>>1^1 i_i%£ 

^uJj fJU]l JU (jr la. 3j_a UjV JLaJj <4SN-a « Jl 4jjULJI jja Jau 

aijji; jjSLajj ‘(3 j>» tlup. ,*1781 ,*Lc. (William Herschel) JJij^ 

# 

£>£- Al l t> J — » — J IjJiu 4 i i „UU bj > J I i *3 4 >2a j_3jj £ja ^~i *»- 4 jj_*_uSlJ 3jj_>iil 

0 

ajLSj *a_jjLv. fjrlc. Ij-j ! i 5 U-nu 4 jI j fltojj a_cl_uJI i_.ij l.3r- £_>j a , ,. 3*1 Jjj>. jjjuj ■ j ■■ « 2JI 

.aJjji. ajuljj Jjjj 1 a in jj ii a Mill 

* 

jj^J lja>- (J_lcj l_ J ^>-_ 9 al n U Jl Jaj*. La-a lAllSja*. jjjui >.La .?*■ jJ Jl2Jj 

* 

^j-a i_jj_aJL> 2 ~ >a*. jAij»m j^a J_3Jj 1 846 oS"' ‘ 1 ‘ l al ‘‘C l ^_i V « a j . d ilr 

4aL>- jljLJ_al ^4^1 1 {j * A *y i_^1jS 1!I (— SjLa^aj i*:m -k j*1986 jkLc. L3 £ L .‘ < 'J^ 

* 

• jkLc. 177 3j_a uJJUnj (jjjJlj 4 l i Lj Lu^oj Jl>* 
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c- ll ■ nil 

uuli\ l jSJI 




<glt rt i t i l l SjSJI L. L^i yS jjjLijiJI JljlcVl 



^jJLajiJI SjSJl < tint ^»aj_jJI (Jl.ilc.VI 

■ (j .1 a -iJ I Jjj- i_v*>iljjl 4^5 4 £>j. (19 “ 9) JSLi 


1 _ f -4 >_t_l < 

iJUAll i jSJI 


: 4 ^jjjd,l 4 J « _> J U 1 1 in -sit |<wiit liljJlj 

,0.0472 jljJLl 4jjJij_a jj.l miIIj ,4 j51^ 3_Lrv a 19.22 (y£. aJuu t U ^u j J L a 

0 

^jIjjjJI s^iaj 4 j>-jj (j -o Jjal (^1) 0 46' 23.1" iiLLiKVl a Jj^oj 

Lalj 4_i2lj ^JILo «Lc.L«JI i—ijl Tic ,^yS^. (4 j a jfc /ll SjjJlII) 4 I ■ .. 84.01 (j.a<a^.lJ I 

I— ijl 3 C. 17 h 14 m Jj-jy. jljjjJl 3^Jj_Sj 369.66 4_^1^Ji_3Vl 4 jjj J 

(jl 97 53 L g^.r,.Mi..a ( _ T lc ^Ij) ~ ■ 4 Sjjlj (J-xjiJJ , 1 4_j_3_i ^yS Lc. (4-C.Lmll 
6.7 ^ n a A i l l Jjjv 4-Jjl jJ.1 4JL C-j^u i^jljua ^tyju^A L1)L>.j4 (J^Aj ay yx-a 

^ 3 j 3 -~>J I j_LaJL!l JjUuaj ^4_i , »^ja 4_utj) 3.58" j_L=Jijt JjUuaj ,tlj j 

jCJi. 1.2 JjUL^aj 4il^ f\A Ojji 14.6 4jJlS ^1 n^a j t*»4 t j_a 4 <U 

o 3 

52 K ( _ y Jt 4-^*Jaj-uJI 3 j1^jkJ| 4_>.jJj ,i> j 21 4_u jL>JI (jjj 4 £Lj^uy , ^u-u / 

.jLsJ 9| 5 tfjLaSl .3JLCJ 0.34 (J-aljuaj 


c ,,.,jULmi juji 

* * * t 

3jL_ui 4 j J— Jo jJLj 1 j i ii.j I n Llit-a VI— X-A (jojQjljjV (jl 2 — L^lxojl (jjJl CjLjLxjJ! cJj 

ajyaui 55 ^JLu 3^. lS 4j ^ ^ U LiaJLI (-Slj^e-tl 4£jlj (jlj . ( _ ? _u3jV! (_yj_u^liiJ. 1 (jL^vll 

.i-iKlajI .‘C T I jjjj (_flVt 4juiaj 4 j£. J.tl i j (Jj <_ JijSJl j£yS-> (j ~ u ^ lalliJll j^j>41 y£-i V_a i^ljJjJI 

tj y*} I udVUJ t 

^ J, ilt^JI 4 _iL) jaj ay ,5 4 miLl 1 i^ll tljljlx. j_ylc 4 _,3 _,laJt diL_j!j jJI (J-l3 

4-lJc 13 Cilj^L ^4““ l ~ t ,‘ ^ 03^ LflJJ (Jj ,jL4 (J ^ i . ~ ,i ( _ ? l Cr Ijjj^aVI V_J (jl ni l 

• J^j Cj 4 
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'*1 1 >.,,i-i S»_pJI 

* 

La L)-' 3 1 ‘^J~ ^ il) t eLaJjJI Lfctlc. J-ua^- (jjJl ^14 LjjJI (J“^ 

■ U; . -^ 1 1 J_ 3 jj jijLjJ ciUij ^^jljjl cr 3 - 1 -*-^ tjjs 4 _S-lL> fJ-£. I-JLC. 

: {\a <Ul tUWil jlSIUjj «-iU jj (jiLSJI 

. j^jLaJ I ^J-J-I^jj 1 3 1 1 ^ ~ 1 

. JL a t" 1, 1 JlJ_>J 1 jjji ij^~ t * i— 3 ^Ltl — 1 lj 

.4±i2ill 4 _uJl*JU ^ualliJt ^lajua (_ jr Lc. (_fjJtdua 3^3 : ”-*■ 

(Ti- LuLLuj (Oberon) ojlhls' : ur*3 jL<^' <.*«*. ->■ , JM JJ I Jj I L—SjS v 1 <1 . I I L-IJ 

j. a ii ! i <-dU-4ij ^ 1787 j»Ui l.n j^-iti ^ 0.43 y j mil I a it\ j tania) 

(Ariel) J-uji) LUj L^-al ^^^1948 c. lAA^SI ^jjl (Miranda) ijulj-^ 0 
4 _u(jJLlj<VI (j-uj-jljji s^ljJ l$ j.i i »i a (jr a jjju jLa-s'i/l Djui £-jlaj*.j . (Umbriel) 

4JlL^ v_3^ju ^ j . ^ 1 600 (jJI 600 (2^-i L^a jLu^^/1 ajjt> jilaal £-j\jIijj .4_c,LjJI i_ijLic 

. jju jLaja'i/l i>jui 
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— — j 

Ol2-L>. 

' fl * J ^ S-a^^Lj <JLa-p<3 4 < t~i i 4 cZjLaLLv 4 . . . 4 a- i. ^ 1 977 fLi ^ ^ 

^3 4 ^ j t-i < d_iii_« i d_xLaj t4_jj(^j) 4 j jLa ilil a a -< {yi t j^ < C‘i~ij ljulj_Lja 2Jl jlj^a ,JJk.|_j 
(_) ^SLioAjJIj {jJ* a . 1 1 ( j*r -> ■ LiJl ij I (.yjla u S. K j ^ j n i ^ Jl_oL>J I 

4jJlI (jja %2 VI (j.u S >. o V lLU jJ a .(_!>- j CjLai-^- (Vo 4ilLS (Jjslj 4.9 J ill! 2l->JI iJ. A JL*jj 

. Jn A I I l") (_yli3l 

The Planet Neptune j^ioj l-iS^S 

0 

*LJaJ1 , t U_ J-uJl ^ 1 1 <?J_U3J (J-0-3 (j j ~ I 1 j J fill JLoJ 

* * 

(_jl jl V- a c- i i.* u - (_£ jjl (J-iiy_£i ^sJLjlII 4_a^L>. <— tSj-^ jl-l-a ( _ r 3 l_u^_C, Lsl^cjl 


2j j-usjJ, I 4_*^1_3<ij 4jjl_9 LajJulJ 4 _lj jL>Jl j _ ;r 9 (jjj-U ^ I -ijc. " .. < > Li I j j I 

(J/U3-SJI Lfl . L r 4_j_4-at_L)l 4jjJLilj 4j_uj 90 jjAc -Vj- 3 S^JLaJ 

* * 

LkJLlc. . 4_i 4 H _ i 4 j 2 l 1-w.t a ) UsV ~ ~>»1 JL > -J 3-1 iiC. ^-i l i u 1 13 j imC. . iJt 

ijJJLo* iL-p- t4 j\r, jjJj J J 3-^3 till j 3U11.43 (j ^ aj 4j I tUUJI _i_>. I 

0 

L-ifijS .^1846 |»Lc JuJlj>J 1 JLuaj (_jj^_SjJ1 4_>-j (jr^" 

4 * 

4 ■ .->-ji < ^ -v. ^j&l ^LJjj Vi ^Ll 3 1 ^ ^-1 (J3J J j J i 1 .0 i~r Ljj j^V ml ) (jtj~ j > 

. (jVl ( _- r Irv. VSJjJlLI 4_UtaaiiJl 
t_t2 3SL! 4_u»-tjiaJI (j-£ijLwaj«J ( 

(J-ui ,0.0086 jIjlAI jjJL-JuJlj . 4 J*% 1 9 SjL>.J 30 oJUu 1 lr> 1 1 13I La 

J3_>. jjljjjJl SjJLa (>a (J3I (^1) 1 46’ 23.5" 1 *11 _r K Vl {J ^£. Ojlj_>3 

a j ~ 4 j (La^j 367.49 ^ 4_i i lj jl I 4J33J ^4-J-C-Se < i I 4. i > u 164.8 (_y^ua- <lJ 1 

JjUoaj I 28 48^ 4jljua (33lL<ai_a ^jXc. djI^ILul SjjIjJ ‘18^ 12 m ^j3^t-o (J3>- 

4_jjll}^ 2. 13" J Unll J (till j ^ 5.5 (j^aVaJl (Jj^- 4jjl jJ.1 4JLc. j-lm 

dJli^ (Va 2j-/0 17 4jtl~.fr f\j <(_JojVI 5^_<i 3.8 ^ 4 _t - 2. -*.1 1 aj to 4 J JLt-a^o t^4 j 1 „ ^3 

i~3 nil I ^s£ 24 4_jj jL>Jl ^ya t_jj^_^Jl 4^c.^_Li>3 < I 1.58 4_aL£JI J jj— o I 

- (jl ^ ^4 4jj r^0. (^jlsLi-JI (J^Lljoj i 50 K 4j*r la^uJI 4_jjtj->. 4 j>.j4 

^...■U'VUI JUJLI 

4 ^ V .% L~jt ^ J3^>*3 tio> (j j~ jj l-aSjSLJ ^ 1 , mU LL L 4 (JLsc-a «■! 4 lt .ll 2^45^ 

(J yS 4_jj jjVI 4-ajL^SL]1 A~ i\ i-7. .^.11 Jil ( _ 7 ic. (J-OJU (JjLaJI j» 3 _lL^J 1 jl I (j-O 

- . .1 it-st i< j (JLrt>a Ale. 1 miIj Lc^ t Ai . 1 2 '1 (jljJJ frLul 
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A l u 0 nit I dg^a-5-J.t 


4-jL ^cj 3j j i 5 4 i <«il) (jy>.jj. v j ^ T I CjljLc. (^yle. iSs-^-i 4_3^Lc. (jl a Lol . «U uy+> 

* 

o % is I (j^l!l ^-vi.dj (‘•ij -K- j ij-i Li LjjJ 4 jI Ur I (jJs ij" 

. SjU-l U. II (J< ,.i ) ^lg. fii I <i^j U d fl Luj-a5M Lalj d j g j 

, d - >■[-, L<J ^jlc. J ' ■ ^ Ig, I J I d I ->-j| a <“'l L» i^-» I d_*i} JL>- 

iJr >- jj JJJ>J I I 

(_J j_yic I a lj^ i.jv I a 1 i~i i i uLi C_*j5j— tJ Lp-iL-tLa d_ji_jSjj (j^jSLd j)1 I jj_a 

t t 

. (jj/jjljjl djli£" jj>j ^.i^i d_a L*J I dlaLj^ jjV . dil£j La_3eg». ^_i^l 

tl)>“j jLsill 

: Lui jjl jj-rf . tjjdj-i <J 5 ^- jJu 

* 

jjl l->f c. k 5 1— ^1 846 |»Lc. ( d < * "51 : Triton (jjJbljj —1 

7200 djT^a ^Ijjj jig, ( _ y lc, (_£jujej iiL.o . .1 i_a}Lg. dJj 

(J-aS-JJ ♦ (j j) ~I i i I d-i_i. n i. l L) (d-jj n g~i d-C.Lt Jl <-_)jLd_g. £_a j^jjg*) J^>. jjOjj ^ 

20 Li l!i - J * > VI ^^,1* Oji-L-d (Jj " . .1 a . ^Ll 6 J5L-L (jj " 1*1 Jj_-w djjjJ 

i_u£j5 c41 *rL^^ 3^3 l£>4 j djljLaj 

* 

oj-L^ 3 ^Luj 'ujAf'j-* o-* j % i ^> t jjbj 1^1949 ^Lc. <JuliSI : Neried ju^u -u 
03 ^ dj-*- J3 J 33 ‘dj_j_j£ d_)j£j_a djjjjui JJ Lr qrhlAt djtjoaj 600 

28 d_i ^ 3" 1 *■- ^ I (j,4c djtjua (jj-CJJ w . *\l ^*C 1 1 d_j_Sj JjLa d r I . . . T I t ij 1 !i g 

.djgvlj dJjj J}L>. (J^ij-i J>»- dJLu-lj SjJJ 

The Planet Pluto l-SjS 

* 

La jjlS^o (_y3 Laic (jjj-iiig. j^a j <i~ i » 1 JUlj j»1930 j»lc _JJ^-L i—£j£ i .'^ .^."O 

* 

{^2 LjI djl a Lai .til JL>.j al.i-t..>. < ^ jgy ill ^s_>. jjj 3, j -w. d_j t . "t l c_ijJ 3 j_3eu3 
o^- ij j) Lil t l_ld jjl jl-J-d j < <■ dj u'j -u ^~ .'*' 

•djAajlaJI d< ^g i l i ^*i ja-iil (j^L 1 ajd j ^djLSJ Ij 1 JJ* j I j » ■^■~C I a , i i i -v. , _ .C j C 

jJ-uaj *0.25 jtjJ .1 djj£j_a jjJ-iUlj .d-j^lla dJLawj 39.44 ^.ua-JoJI . L , ..j ~ a 

248.4 (j- ^a -iiJI Jj_>. tjl jjJLil * 17 1' * * 1~< jK ^/l ^yJLi djljua (jf j*. ... ^ 

*(\W 6-39 ijlj^-Ol 3^j iUjj 367 iall jl a^l 4 jjjj Laij (<.^-^111 
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• 4*6 * «* l l J^->- 4jj|jJLl <\-l£.j-lm JjUL-CJ *65 djljuQ \J>$ " i ‘ " n ^ 3^_j 1 J 

0.5 ^1 0.2 (y^i La ^jI^Li OjJolS JjL*-dj 0.25’’ ((^jljJI) (_$jjS>LliJI jiaill JjuljOj 

tin— J 1— a 4l_ali£ Jj — *_a £-Luj J— a £^_ a 0.002 4" Ilf* i—Ljj it^UjVI jJa_3 {jji 

4— trcJoi-JI 4_Jjl j->~ 4_>.j j £_Luj ilI) / ^ 1 4_u!iL>JI |j_o 4 £.j_ljjJ i ^<u lu / ^<lC 1.1 

. jjUj 4jj 0.40 *40 K 

Ur^ ^I oLulI I JUJU 

x t « 

lj^>-j-a (j^d ^ U* J-oj 1 13 V I Lbj^_*_a j-j-C- <J() La LuJ, I <JL >JLl 

* t , i V|\ I | J • 1 ^ 1 4 I < ,■ i 

* 

4jr la la (jjj 4 dj . 1 -> J| oljUIl 4 _ii K a l JJju 1 1 J_>- (j,_t 3 J (_£ _J^>J I 4£^Lc. Jl _ 1.<1 ~ tj 

4£jUa {Llui (jji 4_S.j iU.a 4 la n > JLJj j^yLl Lll JJljj i ■■‘v «J i_ 7 ^ 4-t.JaVI 4ljs (JJJjlSj 

4jc.la.ia (jr L. J.AJr.i.11 Cj\ 4j ^ .i.i..ij I 4JL>- Lai LjjaiVlj jLllII jLc. j^jLc U_£L*J - 4j . -II 

^ * 
i.i.l l jl (j_ 5 _CjV I jLc. ( _ r Lc 4j| e L ai * . ! I . ' e\ " t-J j I Jljv. SjujuLJI 5 Jjj-iJI 4 a- j ~‘t 

. LjL a i*C J^lLoU-JI 

(j j- v J I I I 

: 4 jJLjJI CjI 2 -lI aJl Jjja jJj |j^ 5 v"i i J ) cLJ.t J) 

JuJuJI 4 jt la i a jj.lc jLUU-i j j < a " . ^qjlLxLI JjLLAI »A-tL>- J-a i % 1 1 ~~ & • 3^_Ul!I —) 

. o^.U.113-11 JLjjJI (jUjljj CjLijjjJI J)-a 

. . ,‘Cj‘CH <1^5> p L « a d S itall n. l a J'v ,~.~ !*•■ it- *Lll .LtU- J_a 1 a I LjJ_J : ^LAjJI — <_j 

. 4_JLc U- 5 t.n ua^Lc 3-4>_5 ; a_*ill —->• 

djLaJI 

x x 

1200 4j-La jJLi^ (Charon) OjjL^ u c- jj_$LJ Ij_>.Ij l^-c_3 tLai*Jl < '- . L~ ^ l 

X 

Jj^>- 3 jl^.|j SjjJ <jjjL>- j-a-aJl J-oSL j . Lu^Ju JJ^L 4JL^ Jjs %10 4- l i l ^ j-Luj 

J_j_> 3>jjJ J-o5LJ 4_i.LUtj ^4JI J-ajJl tj-nA j • Lijj 6.39 (J^ 4^.LjJl >— ij l 3 c. J_a 

X 1 

J f. ni l jljUa tJJJa-ii-A dJ^-lj 4 _a._jj ( 3^1 LyS Lojl J Lblj j -a -all ^^. laj I J^lj « 4 .i<i fl* > 

.65 U>J I jJLa ^Jjljj jl-1^9 iS j~ ‘ ,1J1 (. 7 ^“ UjjL>" 
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• a_»UI tZjLSojSLII A-J xa jtxjjj (19 ” 9) ojjjus 

* 

<-£U jJj . LaLaJ (j-au.acj 4 jL£j -*-V (j- 4 . 44 .a- 4 .uJ 1 alUitl (jl aLaltJI JjuvV J_U j 

4j‘sl'‘ J t SjLa-j ( 2 . 8 ) 4-bl i.n.a t—*? 4j£Lii_a ^£. jjj (j^jLjs J * ‘ “^ 

(j< ^Jalylj 4,M.n. {j ^ tLJjJI 4_3^ju jaJ tj^-i (jjjL-9 Lr^ ( n = 5) LaJLLc. (j-uja-iiJ! 

(Va j_2£JI ftLJju!l JL>-jl I JuSj £_aj (jjJLu I JLC. La i iS1_j£UI p In < t SjL-uv ^jLLi ^ In » i 

t_.aj_ 4 .uj Lo-^jijl JLa Cj^jLj LaJj jl jjJLdJ Ij-a3 (JujsS/I ^ £ (jL£ JJjlj (jl '(S' a itilljJ Cllj^-xi! 

^jJL>Jl . (j'i/l j _» « 'i fit J_j-) (j_jjl_2J JLj>»_j_J Vj . 1 a flia 4 1"^ 1 1 ^ _i i *C t_ < 1.1 a 

* 

- 1 i /nj l (j^jLU ^-liniej (j^. (Jj*-jj 4*u l 1 jLo^l jLul (jl ^£jJlj 

t-Bj-C. I .^i . j . -t . . J^j (JJjLs a J- tij jjjj jj ^JL lJ QJ? “ ,‘ I J (_)UJ jjljjl J t^jLaSL^JI Oui-aul^l JL_2Jj 

4 t4" -V a 4j^_rc_uo ’i?) 1_£J ^ ~ i L „ Uj (j-u SijL^JI 4 al ... 1 1 aLa-lxJI 

0 

jJLajj 4, l~i, *% ^\a %0.04 I t _i 4i.-s. -LjjJi t~) l X | afPI ^_c . _lj * I ->- -uVl 

4_j£Lj^_£ 2000 ^~t -V- 1 ^ ia 1 ^j_uujJ 1 4— j5oj_£ t— ill 30 jjJIj-Jjc-i v t r. cLaJLJI 

^ 1000 j-Ljj Ceres ^c. ju cjI lSLjj K 1 1 j * ij (j»1984) 
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<— > T . 4 i " - 5 1 <— • {j£. (2.77) Julj ( _ r L C 1 Lu^flj 4JSLii/J 

1 807 j»La. ‘Pallas L> ju i— c Lol«J \ ■ * ~ & i . .. i La jljlj ^ ^1801 

i_ 5 L^j£Jl <, h . ir^ l j» 1 845 ^Lc. Vests Lij_i3j Juno L^l j u' <_k2uj£l 

^uil j(L3e-j>Ji o^_ I j i^jJou_uJ| 4_^.,j_t_ijall I aJJb ^ 1 (^aiLalj A S t TC U Lt^JLul 

f 

. Sj- _ i JLuaJ I 1 g t i~i~ j_£i (Asteroids) j jujj. i u.ml 


( j^Ll2lj j<SJc_>J1 jj j « i s \ ! I CjLjSj^LII |)J ft 4-5^_^k. 4 _<jj1jJ (j^a tl aLlII ~ !j 

J-)J ~4 4jjl_)Ji L-AjLia^l _ i _aj c 1 j o jJI Oj»u d JL*_a ^^3 II Srt.i»J1 

(jJaju 4 -< -mSLuJlI I 2_)l2u^LI Jj It- " ill > t V "t i »lj l_a^ i L^>s_j-Sc_>- 

(Meteorites) iiijliiU _^-iLJLI l 4 L^£ • t . ..I {jr jLj.a.j5v.l 1 ‘ < ■ j ^ ~, H ^c, diLo^JU-a 

* 

iLa^-j L^LujLw JjLLu (J-^- 1 ^ L^i*-5=-j LjI^LsI cjLiSLj^LII LjLSj L:r & j 

4_l3» t 5 SjLc, L ( j-^-'y-'>- (Meteors) (jr ^aj)i\ i_» ^2 l£ Jjjj " _ •*-" 3 

4-Sjlj " "*■ ~'j 4_njl_3 4 _c.j j ji i . ^ <^i ->JI 

Ljj£>j 1 a m **■) 4 l.jli I ^^3 ^Lujj -L)^ 3 jJ, g La.. ■-■■■! I (jJLZij 3)_ia-a 4j> j is\ a 1_^Lj l 

L^SjjJLs (jr 2 < 3^A_i_J 1 (jja 3^_JaX. Ly 1 e -LA 1 iLn (4 j_3Lu 3 tLwJI 

» 

L)j-i JL3 <iu->. . 1 i ■ ■.■*> j<irc_>Jl Hj.j. jK II i~ill ’i/l jjlij'i!! 1^ . ,. I l-i < nt 

Impact jkllajjl CjLaj3 Lj^ ‘P* ' Sjla. La J. !a. i^.ia 

.(jjjLjjJLj l a. , 1 . 1 c. (jT-Jlij ij a i t JI la < u (jjJl i_ U j 4 .j .u i ~i jj-Lc. 5 j _■ c, a Craters 
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llll.lf. 


i i Aj-UI 

^ yL>Z oLSL^SJI (j-a %75 (jl ^Lx4_jSJ U jji-JoJI ~ ! I oL-uljj Jjj 

<jja LdLu CjLS-j^LII <j-a %5 (jij o. iTt « a <j_ p -t X £. A-u^j^-S jt^-a (^lc. 

. i- ■! i i ,. I I jjja iJj LiSojSLJ I <j-a a i~al .11 4 £,j^j>JU^ JjJL>JI 

djL^Ll^LII djIjIjLa 

. Ag.1 I lilt i_JjLic (jljj jJ tfbdLl 4 _l2j JLa ^v-iaddl Jj->- oLfo^LIl jJ-ili 

(j£. a _£la 3jj»J 3.3 J 2.2 jA 1 La 4 » a l^JI 4 aLil) (JT ij ^ i I Vi_i I j j r (_jlc. 

# « 

dljL»»j (_yic. JiLiIu "i?j LJLv. dl IjL-ajLSLl I (j^-jjLo (j ■~~ l « J 11 1 ( j i ^< < > (j£. i t i ~ i M 

daj_£j_a 5 i\j > ,~. L^J ( 4 _jjLj 4 ■ ■». LI a! L^jljl-JUaj (j\j j-QJ {jr 3Jl Aj 3L xJa.A 11 j^a.mll 

ajt t La-Id I i 3 ~ « j tiu-~w i20 (_jJj j—i-i-o (j-a L^jljljLa d) Lj "nu a (Jj-aJij «0.3 

* * 

t 1^-iVT Lso JlC. (Jb j-JsLJl di^jJI (jLlj £-A ^jia juzu doL Lr 1 - 3 ^' 

djljljua l£JLa (jl <if La£ i(jo fc-iJl t^i^n i £-A L^a jU^-i~J Aulj-a dJliA O-aud j 

a ~ij.> , a jLu( (^Ic. djljl _La l.a.La lfl-> .. A CjLSjjSJ! J_>.l j "i5j i jA*-a L5JJ- 5 0^3 l — jL 

aI^aLII ^_lc. (3^LU ajut [ _ r c.j3j t _ T lc. ^LLi^ 1 jja ju>-jj V a * ■« « 4 jjjj (jLajlj 

3.28 j <_iSLL 3j_a»j 2.5 juu j^-L. (Kirk Wood) li5j_l-£ diLc.1^ 3 ■ dj L^jjSJL 

jl : J-iLd (_j<» a . »! ! (jbj- 3 Lh-^ (PJ1 oljloil (jLa I jla *a_xS2j3 

CjIjIjJ. 1 aj-a (_y^ jj. il i.i oLSjjLJI (jLa u-^-l L I Jj^>- (j_a jl 

L» ( >LL33 LaKjljdl Q-a tjj “-L <jy, .'ill £-A a H I ~ a (^yjj I 

* 

jljJLI ^ U*~H J,?^ 3 t(_gjJjiJ.I (j-a LjxjjJG < jljLa j.jlju L5 J Ja 

(jLj 1 1 .aid I . L «jj diLc.lj_ilJI L<_i.'>. Ja-3 CjLL- La5 djLSjjSLJI ^ya LcjL 

* 

oLLj^I 4 l*i 5 4 -Ls < ^ ij, ,i,.i j ^LLl ji iSjujuc. LjU-i.i~> j > .i ilj 1 La_ij oLLi^SJI 

* 

CdCn i " 1 a j Jil ^L-ol 3jj-^.j_a OjLfi CjLSjjSJI uj_A SjLa (jl jJi_ljj . ^IjJI ljui ' ■ ■ " ■ “I 

* 

i— ) J - A tii ‘ “} (yui-a (j£jSD L*_a Lijlid jjl ^_l tail ■ ■* ^<J j ,*:. tl 4_c:j_a-^-ll 

i4_La i_jj-ULi 4_JLc. 4_c.^o*i l^aLLf-lj I «“> t i n nil (jL ^ . jl ^ ^.~ , .. !_ i L^jJ ~ 1 1 


.SjjLJLI i_^l_jSLJI l .^. L . ^ Ld_a L^jLajLd jjlc. 2jLjj lL 

Comts OLuall 

♦ e C. * * 

(JLil ji^l jt Jjj 4J-a jCLaJ £>aV (j-a I J> _i a *i a Laj^j t_5Juj 4-ijl a , u jdj4>»l 

S^-iLLb L^jl tj In i u jl . Lalf.l jdlj (j.ii.^-Dl (j-a 4 j1^j-31 J-L Al^L- r L < dl ~ V~ . a‘ ■ ,>, a 4-iLu-u 
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i_i jla (jjt L^jjusLii-A^ oLijjJLl (\jJLiJ ijl-^j t - r i^sj'in (_^^j>JI >_a^LiJL Jj i t .Ti 

jjl CijItiJa j »1577 |*Lc. cj - *^ .^ ijSLjb fdL-*- 5 l tL>- t _ 7 oo>- .i_ij^j»Jlj jLajJL jJuuj 

dJUJLui 4-OLjJLLhl ooljijLa 1 ^.,i -na i i i ' 1 Jjjv i q i^~i » > j_a Jo 4jjl 4 i.u f'j^ 1 fjyA LO t"ll .Vltl 

^LSLs fjj3 (^Loj < J 1" j K^f I (_,!£. 4.a,l~i7c_a 4ojl^J L^oljljoa ~t t „ A Jycoj .(^J^jJLl jj \ iiJl 

(^lo uooL£ y)j (JliljLc. {jji^ L^Jjoj <■ lj~ .>■ I JJju ■ r I ■--'■> - '■> 1 1 ^3 J_t «j JjL> 

jjlSLa i ^ i.n-v. {j7 lc- J t - a ' i> t ' 11 *d ' 4.u. IL l!L j .t til i ,< L^xalya ^jpJ <_o j3 


lii^- 5 b_i^ 5o> ow ij^tj j»La (Edmund Halley) ^La juyajl ^Lia-^oJ! ^JL*JI aL>. LojlLc.j 

1607 <j»153) (j-i_i_uJ I f^Si j— 4 I 0 (^jdl t-jjjJLI (J-oj 1 4 o_> jjt ol — jjjJLI 

(SJuo 76 (_jjL5j (_} ii-a-.i^.i 11 Jya- ey’j 4ol £j_ILal_a (j»1682 

1 8 jJjj ^yjr-l.j1 a*^ I tfjl jJL ^.j S\ 1 1 (jl 4 J l/ljj lLJLjJI ^ L ^ tjjoLa jjyLo*. q-oj 

i_jj j_a 1 a Ij. ^ li5jL>- jlU j 4^1910 ^Lc. tSj -^- 1 3joa j jhj (jl ^a ^jj . Lj_j^-33 4 _<£Lla 3 jov j 

^jSJj .j»1986 j»Lc. pi fn^i) (jyi (juA niTl 4 o1jjj cLol £j-a (—jjJlal Laj. ia , ^La 

* 

oLojuaJJj .4oJoiL<iu^o ,j^a Ao i ^tla cr^ ^ 4 .* m'dL o^° Lxo^a 

j_li3 4 j_i_* (jd^- J I a < _ y al£oa <dLxja { _ T ic. L^-JoaJUJ ((__^aalj j_Iaa) LT jJLLal 1 X 11 oljljljUa 

ij La (^nl!L>JI ^^3 Lai <0^-*-^ <SjJ J u-^j 4 -Lj-<dJ uj^~2 5JL>J1 ^ j . jdlj 

* 

. Ijol y_J 3j^-lj 3^>_a ^ nn i~ill Jj->- Jj JO ol.L'dl 



.^1 957/5/ 1 1957/4/26 ^ 3ji^xa j»\ji a , ,. ^ >■ ^o-a -o^jj -oji jjl (19 - 11) aj>^a 

• JjjJI JSLi ^ 
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4_x. s. ,t. T I 4 _C_j_ 4 _>v 1I 


diLij jilt j3 

* 

J-iUjuj t j_A J J ' c - I {_>£. I J,,j *,i (jr =>-jL>JI »L ni l i—u j-U 

CjljLiJI i^yA 5 i ' il"w- 4 n I Ui i i Mi J jJSLAJI ^ ‘ ^ j I C. ^£j. r r i^-> i n %. ^J5t-j-<j ^ . 1 f 4jl_) 

: 4,.j t a j^JoLla (_yJl ‘ 1 '~‘l I djI^ILsI ' If , • 4 4i l*i ~sX I 

Nucleus 5I>UI 

J^yjljj ftU .1 I^y i o.l—ft.-ar." a Cjl—uj-jv ^j-4 (j 'll j cA AjJ .1 i_AuaJI fr^~J>Jl jJAa-I 

jlj-a 4„«„ioj La^inJi (jJLuj njUjJUj jjLJoillj (j^j^SLll ,.i j £1 

. 4. i j_Lxa 4_»^^jj 

Coma ((^l^ii) 

(j j^~ i jlj-A j_jJ 1 (J - u a J La- l - if . (_$t) ^^iii i*ii 11 i_ ij.JiI 1 i-jljj-^l JU£. 

* 

,Jj->- 5..1 <1 >~ i U CjljUJI jA=_p 4_3t_Llj c J) i^ilLi 4_SJ Oil oljliJI t^yi L-Uj-jj (JSLiJI 4jjj^ 4 *i_iA 

jlaJl tHiLuljjJI (J-ljj 100.000 1 &J. U A ^JLuj 4j_it SljjJI 

Sj_l*_a (j 7 1 c.J (N 2 , Co, CN, CH, C 3 , C 2 , H 2 O) 4 .^1 dllli^_>. (jic. l_gj|jIL>.t 

.(H 2 , CH 4 , NH 3 , Co 2 ) 
Tail jjju) 

* * * 

4jLojJo 1 jA 1 j Ujs^ jJ x - 1 1 j i*iill <^yt \j-yf\ 1 oJlII < il^ILal ,JU C. J 4 jJI 

l^jLi-51 4ii^Ac, Jllj 4_IA. L ii 11 4 jj_ua-JuJI tliLcLtjiiVI J » ■•> ' 4 _o-j1a>JI 

* 

(JjjJI -CLajj ((Jaa-au] 1 aL>o1 (jj^J £-£>_jaa (Jjj 4 j^SLa 5l_jJJl ^41 1-JLuu (4_iI<_j_iiJI) 

Lr^l cPl- 0 tl ir» rill ^ ^IjJLa^iaSOI cLAa_flJI ^ 

4— LA_g-.‘ i j l dll — t-j^ > »i l lj dlljjjl 4 j 1 11 <1 1 ^ 1 11 ^Ij^JI ^jLuaj J * ^ J ^111 uLi-ljn- ^4_£jjJI 

4aJLc 4 SLL 3 Cjlj^JdoA SjLja 4-I^e-iiJl 4 1 j a dj lj *1 1 1 I $ »' 1 1 I j ‘ 4 - ^ ^ 

t 1 ij 4 4 jJLcJ| -Xll jL>uN-l LoJlaiij 

1 0 J1 ^ J “ U LuLl I JLjJLLj 

. (CH + , Co 2 + , N 2 + , Co + ) [41* 

t *- ?~ J 1 1 Sj-fl-uaJJ JjLo l A il l l-jcjJlJI SjLc. i_xjjJ.Li (j-ilj Jjj tilLijij 

jl 1 I J ^ il—ll^. ill l ! I 1 1 4 jLti f yA 4j ) L-C. t ' 1 C' I r Jl ( * yA t A W 1 ' ^ iill i 4jUtl|l ( J 11 IC # l l 

» ,.>jt l l . *1 1 ** - SjjlJ 4_*^Jj_3 1 4_. ,.1J 1 .ill jLulJI ^A . ■■ A C^l » ~,VI^ 4 .‘i j I ^ ! l <JLil_j jp J^il 

i_<j jll ^c. 1 Juuu ^ -»• *~~ lLU jjj 

* 

‘- 7 xJ AJ.I jl-tA (JAA-iJl U -uJ 4j_jSLa I ijjJ.1 ‘ ^l^- jLlJLll i-l l ^ 1 . .. -w. 
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eJJt, n* i till jjj J'S'ih 4_LAl y Sj^wIj 3j_a JjJL>Jl I jub y ‘ d 1 “*' 

4 In i m)^-> (j To * iOj j t f > <LC. 4 j j i iijj jjtj (Jjl »"!' £ya 4 jjL_lilJ 1 i~i i ^ . , .,-*.1 1 

1000 j_jij (J- 1 ^ 3 - 1 <— JULAJ 4— Juill « l 4 i_uJ ( yS ‘ ‘Q 4JI J. ■ ^ lAvt A n I j jj 1 1 1 T ‘n 1 C“ -^. \ 


.(Meleor Showers) <. < ^ iLJ I cjL^-^j a i t % u ^jla ^ » > iiuL>. * 4 r i . ., 1 1 *. . i i ^ 



The Sun u n iU I 

* # 

LJjJ» £_o 4jj1_iiiU 1 tn i nj) ~ -a L ».x j [jurfi nil I J- *~ 

jlill ,^a 4i_jSL« L^jU j_ps>jVl y~ ^im.uill <-a.l" ~c3j . (_yJI »« iiLUl 

* 

0 3 jJ I Ll i t-i 1 J a LjjL^J t^yJsL) (^jJI |>»M ^4 J IJ in 11 S^SJI) II J. I nil ^ In t II ^y l L i * -J M j UK 

t J «n*l.x^l T-- { T, A | A-Jlj iLxj- 4^- 4 J I II <1 .AH 4_c.j_<^>uU S.L'.'C y %99.9 I ^~1*^ JSAjj 

: 4 ^ a^ j-U 4 j t j i U ll 


31' 59" LgJ LloJ 1 j U 3 11 j ijK y j I a 149 y. L v i » i ih m^La 

u'“\ -^.l 1 ^ -*.11 j usil jJLuj < 3 ^u / y. 104 L$ALK i U m ^JLa j ^Al .99 x 10 33 L$AK 

l _ r 4^ 4 _»j jL>Jl 4i.Tr f. La ij . iij / j<K 618 (2yj. I <t£.y-u j4pj * 1 04- x 1 0^ 




jJI 4 £.^ 4 a 1 I. 


. a 3 1 1-. a jj^xLo 14 SjI^jkJI 4j*.j.J ^Jjjj *4_ujajVI 4_ujl_>J! 4\.*-. f- (jo 3^o 27.9 

SjuSj l 7 10' jJjLjA <_>jajVl jl JbO (^.3,1.00 t^ylc (^-JjOJlJI £-0 (julO-JuJI (jljjj J 

Ja^tn-v. i^Xc. 4. In .1 i 1 28 i .In .a- (^Xc. 4 In .3 1 1 j»jj 25 Lsj^e-a (Jj»- L^jIjjJ 

j£j-a Jj->. 4 jjIjlo L^Jj . i__j\ In^Vl JUC 4 In 3 i 1 34 Jj-ajj i4ln^j-lll 

4^ (_£l t (_yuut-a-JuJ 1 Ct )Ulllj 4 jj 15JI jjjS 250 4^.^,-i.o.J 1 j 'jn. jjj jj liiLuJI i_j ijJ 3^_ato 
. 4_Sjj3J j j<u_o j j » i - 1 .94 «^j~4 (jajVI j»r In i .i j^JI (_jjJI 4 jJLoJ>*^M 4 t i~.,S\ 

^ j a f 1 . >. A 1 1 ^J] ^ a .~. 11 I » ■* 4_J Lo_>- 'ii' 1 4 J 9 LLJI 4 i a *C ,j| . ^ .. a .", 1 1 4_uljjj Lo l a 

.4^lii / £ji 3.83 x 10 33 

jjoi-OoiJLI ^jJLIxII t 

* 

4jjL*JI S^SJI ^j*j < ijL>Jl 3jj2 i _$ jl i <i*i ‘ » LiSLloLuJ a V. ~ a 4jjli 4 jj^Ji ,".1 1 

<—£j-Iuj .(^jL J t- U ) 3 jjL> 41 f.lj__a.Vl ^Ajlj (^jJI (>>•! «J1 jLJLll <.Ln.«. ^ SjJaj ((JaJjJLJ) 

* 

4_l2jj %27 4 . j upu- L i 1_> g ! I jLLj 4%70 4 _i 1 1 . m jLL j -4 LuLi-o ^ u“ a -“H 

‘ l^as. j|j_ILjjJ I t(j_jJ^£JI * (*J) 1 ' J^-4 ' ‘(*J? _]'!') (Jo— < tiij i%>3 4 miii j • a. 1 ‘ » 1 1 

.(j*-JI . .|* jj ‘ mj if UL1 tjjljJl '£j* ->■ . .XjV 1 

* 

5jlj->Jl 4^wjjj I -la- 3 j_la^ jliJI a.aHS’ iiu> ^LaLi a., ,. 0 ,*:,t l a^ lUI I jJ 

di C. LAJi! I chj JL_>o Ijv. * ^ In t iri t*~\ i % 1 0 Jljlj ^ ^ I I 4_ila_ll 1 ^ 4 1 ^ 4 a! Lc 

C.ljiJ £-?J) I ^ Oi. V .1 > 4. j *4 j ((jjJJj-J (jjjjij — 4 1 (J^lL-aj 4 U , ..I j 1 j 4j_jjaJI 4 — i.- ^l dju^l 

C y* 4_ >jLUI Sl^lJI 4iL^ jlj i jl l 3jj (jjjl (cjlj J l_l^JI 

(jJa Q '^ <“ (jjLt.Ju.ul 4_1 jLiua i ^.u ->. SJaUa (^jJI (J^clu 4 1"1< 1 1 alr.l a* 1 1 jljJLl 4 1-< 

. 4£i ^ u-u X 4^LLa 4jj JfcjJLl 3aLLI 4 1*^ = (Jj)T~ll ^jja 4 _>uLL] 1 4^1 1-> 1 1 (j| 

AE = Am . C 2 

I I ,1 

erg gm cm/sec 


<J^-“ (jr^ ^0* (_ 7 -I] J j) ~*- - ~ u (JilLajJLl 4J Z£ %0.7 jjl tLaJjJI Juv j . 1 31 a 

(J-uauIJI (jo (j_jj_jiil IjLi 4 ^ ^jw J^LLj (LaLa. 4 jlA|) (^ Ju 4_JLc 4^Ua CjI j 

(Jlilj ^o 4ojLua3 (jo CjIjJ. 1 (jnj^Li tliLxjjlj (_^aLuajol 4J- (JliJLrcJ . In uui I ^Jj 

* 

t4jSli» (jo . 1 3 3 j 3jj ^o jLuaj (J? l .^c . j . jS^il 4-JUJ1 a a l~,< 1 1 

(jo CjIjJjuJI jrtJ^Lo Jjj In < ni l (_jJ| (J t ^nj (^La- (jjlj Jif. jLuuo (_y3 (^ja-jJLl 4J jla 
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j.uiC, (JjuldJt 

I U 4 _J_ 1 JJ_U 4 _ 2 LlaJLLl (j a . //■> 4 jjJa ^ i is ij , jxU 4 j J—U 3 J JlLc.j 4 Li ->J 

: 4JIU1 I Jjbmi ^yi <1 i^JI ^ji **33 


4_U_>.1 aJl .t-»tl 


( _ r lr>- J-a_i3j) 4J35UI 4 j^ LajuVI OU^UJI iljJLso ->- : (4jy£jJLI Sl^JJIj : i_JJl -i 

. ( ' ^ij-^ r. i k T l j. La °i t rt*/M 0*25 

^*v.*~* a * **1 1 i.-.A j * L-. j ' , *»-i j ^L*_i^^Li la 1 ■* U I j * a ^ J-3 * ™ j : ^Ltii<VI a 3 *t~. — *_i 

. (^laiiill (j-a 0.68 (j^o* 

i ‘a n~>) jj-4 0.98 J^jj) J-^kJI) jtiaj-aL) 3jtj->JI t g j*4 jj 3 ~ ‘.~ j ; ,j}t_aJLil 4 3 4 I 0 -.a. 

. (^j "p ■ " 1 1 ^ 4 

A.T J t-> 1 1 

. ^u.a.itilj 4_ujjiaJI jt (^lUI i_3^UlJI 4.3 iL) 

(PhotO- j-ih Li £ya Li! j jlVi ^yj}\ n I j^-3-uaJ ! djjjJLI 4 HjuLaJ 1 

La J 1 s\ ii~j t< j.* a r~J t jls£ 4 -3 1 ^3 j Lv 4 1.0 (jJJ 0.98 ifLj La 4juSI^J| 4 a Wit 1 Sphere) 

* 

L^IjlM’ £-L3 j * Luj~3j ,_JjLSj 8 J>LL Lid I L*jj_u 3 (.*•< »-L.Lj L^-S^Lcj * » ll Lrv 

f . ^_LaiJ pJuiLa j j C. ^Lixai ~ * .* a JlIc. I <. I_^JI 4.3 Ll£ £y> 0.00 1 

. 3^_tiLl -4 1 Ip 1 1 OUJoJi 4_)j)J £-4 lalmj V cdJ^Jj 

4j^.jL>J 1 i_a>LUI CjLaJo 

Sjiil Lk° d< * -jLlU a j i^-il 1 3 j_oLa (J-LaLia ^->5^-4 {_^-5J (j*i4 m *11 e3^L-iJI j j <1 "n g 

. IfrLt ) 4_a ^ . It . a 4_auJolj JJ Jl>- Vj i^ * * a m i U 4-U j) i^il l 

: ^ (J3 am VI (j-<) 4_u^« i^iaLlil 

: Reversing Layer -J 

( jy oJ ij 4 ^ 1609 (^1 1 ^-ti3 i3_^_iiLjj9 (4_uj i4- i h j ^ln am (3^ 

n 1 j_yIL>- j *i p tl 4 t~ -y < V-J 1 43 j t At ^-m-a . nil . £1 3 I J La - 1 .1 * uL) 4 L a 1 1 I t LlJJ^- 

5x10 j^yJj IxrtJj j3 (^LjJuj i^jljLo j_ t 3 ^ a /ill 4i.^_*_u 43j-t-aj 1 4 a 4 L 1 1 ^Jl* 

0 3 

Cjljj (J-aJuj (7500 k ) 1 ^ rr L 1 11 J4%_> L->ol 1 aK L^jjIjju. 4j>.jJ ^1 JjhJ 1 a in 4 ^- LM / 

3j£J| 3 3 .L j^_a A ~* . 1 * 1 1 * 4 _o j *>1^ 1 oLj ^ y*a' <^~ a I (_,!£• 4_3 _xLJI aJJb (^2 jL*JI 
■ j_^~.,l 1 I 4 rtjWi (jLi 4^£j_a 4_aLL>l ^jJ 3 4_uj-4JaJ1 
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dj 3 I mJI 


: The Chromosphere ^ 


jCLjjj .JLll <— a^LiJI 4 I 2 LJ-U 4_2_xLlJI (j -&j i(4j_jLLI Lj^ 

* 

( _. r J1 jj— t^jJlj (Rose - Pink) t^jjj j- ■ s k *j ■ Lljj_33 ^ 9654 1 jC m > U , »j jLa 

0 JJi> (ji Jjj Lo-a (/^h — 6563 A ) ^ru>-jij Jwf^Jl Cjljj q£- 4_*_aV 4 . jViL ■— ^Ltiai djLj_ul 
(J-uaoJa l Lolj , A 3 I U ^ (j^aLa J-i^sj Jj3 i4uS-Lu 4 .ij Vi H 

. % 100 LbULa ^u^jJLtjjJl jJLijj . ^ p " j 10 


i— a-JaJI j^.3 j. j IM V 4, .i_ i « i'r> 4_uL*_ijVI 4 j a _> L~> 1 1 ih> j) ti I (jt j 5M Li jjJ_j>J| j 

Flash i 3l a^J I (. .1 jl-i 11 ) _i La 4 -lLoJL> 3 ^ a ."ill i_3j 1 1,5 j 4 1 1 iTv i i ii g Mill 

<ji cL»L»ij^/l J j_jj .4 j 4 ^UajSJI ^_naLi*Jl ( _ y lc. LU-u iji-j-Jij <( Spectrum 

Cj Li LL j V 3 ^jj£ 4 jjL£ (Jj£ cL_l>. i^ojIj (jlj^j 4 3 t , t aJ I «sa_& t jja ^jUI 

• d ^ aI . ■ < 


:The Corona aa.un -j. 

JJ *— m i ^I I J^La* VI 3jj— *JU Vj i4_ojJL 11 3^5JI 3-buj 

<» < 1 ‘ ‘ ■i-H < iiKI I 3jjJj (JaJKVI 4 5 i V-i ^cac_^J jJSLa iVip jjj t j_j_jJLa 1.6 I « ■ ■■ 

.41 uu 1 1.5 SjiAJ <^1 Sun Spots 



. (j.i<i i^il I ( 19 - 13 ) (JSLi 


(El- ^ j Ldijl I ^ I^v. u j tjj&JJ d?jJ <jr^ ( _, < »i <l m i I I ‘ ~iKt | (j^SL t a.i If. 4 j_^jIj ^ j*4 

I ^Viim L>^w C° J51 ^ i n o n. ll t iiKII o^SL La j if. ongated) 

* 

(jjalil c-i jLaj i4_JL<l Sjlj^v CjL>-jJ L^Ii. CjLc^umI CjIj jJI ^jLualuj JjLv iLJS jLLlI 
l*j ) _ i i il l LB l_g (j»a 3 -l j . ! _ •> . 4 jM « , il a ^ 3jL . Lj, Ld a ^ .HI /> ,*i a < L . « , a 3 1 L a 4_>.jj 
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■ _J I ll<". 

26 (Ja-cal (j-a LjjL^-i Lj^ T iSJ I 13 JU J_ > JI 3jj -1-2 2~ !*•. ■ -w i^yLUJI 4 JL*J! 

4 d llaJI dJLA CjljLL 20 i^\ju3 I LuL^j Cj L i a^ 1 1 6 J-2 2 i ^ i . .ij jjTJI 

• t-LuxiSl (_yja CjljJLa jj/v SI <j“u}La 

A I f I J *■ <J M 

(Sun Spots) ^aji s jjiiii 

* 

• d "*■ '_g > Ljj^ i ill i (_) <i o i nil j* L i ii ^JLc. 4 j < ii /i Mill *^2 i !l j i_>- o jl&LL £ya ^-il illf jjt£^ 

4_3 1-1 1 a ^yA (j^jj ijr *j t4_*jjJll (JLj^oS/ 1 uiiVI (^yj] i\u^L j J ii 4 *«^2 jJl ojjb 4^. 1 ■ ■ ■ a 

\_pj\ 4_^jJ .,l-i i n^JLaa ((_(li 4. I i~n) 4_a.Ua 4_a_>.jl_>. d - 1*> I a ■ 4Ual_ie_a ((JlaJI) . 4 ^ILa 

* * 

ilLljJj (j J " • nj"j21l) ^na 1 H 1 ] I i ii 1 4 i kjJJLj ^l—As Itj-tla ,.o LiiljJj 4000 K. j^JI^. 

* 

£_a LjJJ 4j i na .1.11 ^_3_iil 0 JLA JJLC. j-uuiJJ . l^J 3jjL>JU (^lal iall 4 j milL 4 aU-i a j q l-i~ 

* 

e!x&> . Lu^Iu 1 1 (_f_L4 i4 i i nil 4 j an a ill 4 jl2j 500 50 {yA jjjajJi 

SjjjJI t Jj Julc. 4 _ i i n . a -uuJl ^2.41 100 j»Ll 4 iyu La 3^ " 2 1 3 jLz. 

SjjjJI J^LLj <■ Ij ~ i ii VI i b L (J La. jiIi ± 30 4L^u^ILa t yoy£. JjjL-i ,L t _ r JL 4 j t 3 ill 

■ L2_ 1 Q « -i.o_->. j^3~ SjjjJI 4 jL$j JuLc,j t _ y j^a-4JI alj " i n^l lL> ( j-A ^2.41 a JlA i— jj.~ n~ 

a 

OjJ* 1000 Jj^j) ljl>. 4_JLl 4 j i ii ^LalJLi.a (Jj_3jcj 4-L^o. a^aJ I ^3 ill alj-'i i n*^l 

j ig. ^ u_a 4. 1 1 jj^L* Cy* 4LLUI 3jUI «— < j •>. .(3jjl_>JLI jL»J( (jJolll 4 j i .. ilL 

jl {jJl aa~h j^tij.LlxLa i. LaJ 4 j i ii a i^ill ^^-4^ <^-4 4' dJLA 4j^jSL» I j t Iaj-u 

2 fc-^l_j fjyiu jLLU — a (jJ L a ii LaIj — ^-1 < — 3 j. 1 1 ^Ijjl (J ^ « ii j $ l- u j — s_j 

* 

I A 111 - |^( I La LaJ I j^i j La oUol 4 j 1 .1 a.i.nll «^3 .1 1 4jjliil SjJjJi J-Lcj i ( _ ? .i.ii j i ta Li. « .a 

22 t _- r -4> 4._i in.a-4i.il 4 _i_i.ij_j,L LU I SjjjJI (jl (^l) (_>n a i«Ll ^ i n it U JL>Jll fll — >»)l j-.l 3.“^ 
4_i_u^a_4JI ^3 1 1 1 4^^». , a-)>L I (j mill (J^>- (_) <i a i nil tl4jL9^ L)- 0 h' a I » J I Jl^Lj J— 3Jj • (4 u » 

I II £-A JJ _U LlijliT (_y3il 

Prominenc 

* 

^ L- ^ i^ill (^Ci 1 J _ i . <1 (^Jj^Jl L-I^UI {yA 4. l i.nll ^Lsjjl (y£- 3 J L i -I T . 

^•yj 2 4j ‘l ~ 1 I 4J^LuJI cllljlijl t j>3 (j^SLti I (J A h« 4 (Jj-Aj njLa^l t_bvy CiLLtLaj 

.(^JjIS^I) ^na-oill jjyixjLLil c_3^L*Jl (ji a a i ~4 l ^Lw» 
L^aLajul 3 rj . .1 Jjuajj tj g iul 4 « ij-ij (_yjj jkLi 4 » I>IJ Ijyi La ^jljJu 5j .. i . 3J (_ y 3 p J 

.i /^480 
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d i... s, ,t, t 1 A£. J-ljAil I 


Solar Flares ^»jj i £a-tui 

jCJ ^1^ jt 4 _>JoLl^ 4jvL*j I i-j J uy*- {y* J J a A a jU (3_j- 3 ^ ^l n 1 

j t < < o ) • 4 J 31 jJLlJI ^^iaLlo jI^J^lJ (J^uj _jl 4 jcL4-u 1 J fJ J-U i _j iu 7* -l 

j ~ ■ i a I Jjjjj 4( Ja| ujLc. Uujl (^J L^jt Lo_£ 1 ^ 1 J .i_c-> I ~.i!l Jal j m i M (j-a 

3jJLa J>Uw. 4 jj_ij 1^J1 ^ j — ■ ■■ L (3 ^_jU 1^ 4_LLij-ail 5_*_iiVI (JLsc-js cuLcL*_il 

4-i^j.iljJI CjLwjII JL5.~< il ^^lc. y Jj J vj) i^II 4_c^_oaJ (J-uaj (_y^-ll j 5j j i . -i iil l l^jLua. 

JjLSjJL) 4 j i ii q i'IiII ^LjjJI 1 ^_> I Lc£ .(_j3ojM*1 j j > « JL>II <_>33jVI Cr^- 

JLjt-fl (jr in JM Jj ( _ 7 JjJlj j»lj| 4j^tj a~ (_)IojM- 1 (Ja-aj ( _ t jJ Ij (L-oj^t-l) 4_l_jLlU 4-j j - •*■ — JU I 

- (j* ,' t-« ^ 1 1 >1 if. (Aurorae) l-a >i 1 1 l ^AJhi\ j^In <■■ I l.i. n~M ^ j t hjIaI (ill VI 

FnriilnRa JJ .^.t,n,-,t JJ «^.ti 

4uji 4jjOJU j^uaLuJI ( _^iajLJ 4_j>olj 4atjJ>jJLo I De. m tj.a_a.Cj I j-ojC ^ 1c. j xi^~_y 

■ 4 j i n n i*iill j_ii_Jl jjl 3 J ‘ > 1 3 j i 1 1 1 fJjG 1, ^SJj j “i^ i 3 I ^ c, ^ 1 4 j i » fi Mill jJLJl JJ. j (__Ll3 

Granulation c,u*^»ji 

lq-J-4 i j' i ja * t 4_*ll art-ia (^laLLafT j j k~ j j 3 i ,.j-~j-311 <d ^ t jj^lAjJ,! j^liJU 

* 

iL^J SjjLsJO 4 n 1 , 3a . 1 1 ^^LiLLlI {_ya cr^J CjljLp 4U i .il^j jl-tll 

1000 *>-L4i j. In 4 ^ $1 >* J ? 4jiila (jr^l __j Li-1 1 ■ i ^ ^ . I ~ W. 

£ L-1 _Mi«l | 

i—i^l^SOl 4 _l^1jju I * ■" *j 4j , ,i 0 .*:. 11 4x. 3 ^>JLLi ~' «~ 1 1 jftjjiLaJU l *t a 1 * ^a Lj 

t * 

4 j — a £ n JjLLa-C. (...^‘y Uju iQMi £JI (jx: l..4>J « ) (.'j-iu •%. 

Li-uijJ 1 o K * «— it J J l l . l I j CjI — ji£LjjSJ 1 1 — 111 J — >J i jjjJljj 

« .j j^C. LuJ_ao Lt£ t(_j ii j. ,uil l - j U i^jj^ iCjLij JlIIj CjI 1 1 li J*\ 1 1 i 

(j3 (j^ij „ l i i u j J-ll (^^jj-iiLLa AoJl £yi ' * ■ -j ''J 4.mm i^JI 

. 4 1 i i 1 1 CjLujIjJlU j. 1 ^ 1^ Cj Li j< i . , 1~ 1 1 ^1. 
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— — Jul rtH 

jj-JjLLj ASJaam 1 

c t * 

■ <— j psVI £^a^ <i *1 uJI Ls>ju-J l * i j i ^ I j , \ M tw-4-ij — 1 

.(j^>>U ^ya) Lpj- S ^llnU i_uL>Jl ojlj^v- djvjjJ [« i~i <_i£ijSJI t_jjj —2 

.(j-uaB.J'U JjLVl Jjla V >■■"*■ <-^lj£JI t—uj — 3 

^ L^Jj^- jLi^'i/l ajjb jj oil ^jU^i L$J c_i£lj£]| —4 

4-iLc. i l^J (J-*j ^cj^Ls] A£.jmi l^J ‘ . XljC H —5 

^JJ > 6 ‘ ‘~ lA L$-! (J^j ^L> ‘ “i^4 ‘ * a (JLt-o L^J <_Jslj£LII i^y 3 i£\ —6 

. (Jjj-lljjl l(3>.j l J ,Ct ^ IjjOj'iM : j^yS (JSJ (jIoLuJl (J^aLjL^ (jAJ tjjl^ — 7 

c-o£j^ cr^- jjjSPj — 8 

n_p3j^/l i^jjJLI : jjjo JSJ (jjj_>Jl i_s^LjiiI 4_u Lt-a-i&J I cjLj£LM t_a —9 

^3j_d>jJI j 

<<jjjjS?l 4 3 4 1~> Ji i - mj" j 1 1 U i j j ,i i ujjjjSfl ijj 3 imjjIj.~ i ii 4 3 .ili : (jj9 3 jjLb La —10 

5 j^>J1 (jr ij jLL 

* , 

(j-ii.i i 1 »_<a Li,jj .L i (jP- 11 4JjVl (j-6> I a l *J It. IjJ (J^l — i- ,j_a —1 1 

^t_lL!j (jiifll-u 4-LV1 Laj ^i_3j^LsJI 

5Lij a--*- LgltlS' j-Lj ja5j ii a Mill Jj_>- Lgjljijua ,_)SLlj Laj ^CjLSLjjSUI J-^>~jj <jj| —12 

* 

^LgL-ot j^i Laj ^Lajejx LfcjjM jJo3 j_4> Laj 

^ylcj SoLuMI jJ-ua_a jJb Laj (jIojVI ( _ T lc. i L 3 -oi3 iJJjLuJI j J a j-A La —13 

^SjjLLala CjljlL (_yit tljIL^-l (JjJ IjLa 

^-3 1 1 1 iLjjjjSLII t j j iL.i>j»j^SlJ I i j j 3 ^.irjjj^aJ I i i-lj j L f 1 1 . k . - 1 : jj^a (_j^y - L? < ^ 1 1 La —14 

J i <1 <1 <"l J1 Cjlj J 1 Ml'l L^jJU±AjL J1 ^-t3JI i^ULCi. SJ1 JLIjJJI .y.iarJI 

^ cr^* lP 3 cr^- Lp-« ”15 

SjjlajS/l ^ylil j^j>JIj jJ.1 4 'Ti‘ii — 16 

* * ^ 4. 

^yjQ IjL-O °i 4_C. I 4 4j 24 VjiJ 4_C,l— i-u 12 (ji-^ jJ “17 

^joJl 
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4.jj> Lilt CjLwIjJJ I (^3 ^|o3 


A a. \ a 


2u5LLdll ljLmIj JiJl tj£ CjLj^SLluIIJI ^ I JukILuiI 

tljjl jLilJ djjl ,-. ,..11 |j_a.Vl <LuiljJj 4 lBIjJ, -~jj laH a J dJUJLC l—txlLjil jjjSJLlJ! ^ J. J*~ j^u 

jl > < ■» j i_i£lj£Jl j^. LiSjIjuj LuLj^L^o i.ijj ^yJI djl^JJI ^ 

* 

(_yj| 4_aLuaVL 'Jj ■** j t j_UaJf I** J 4 £j_>J( l^j'l^j-a 4-uaLLj d _i‘Lj-j3II ^jJjJLj Lola jjSLj 
^ j a i*-T> L7 ^ dJijLaJI SjL^lIj (jjLj-fl. _i£J 1 JiU-JJl 4. nl" jkJL I 4_j_uaLjJI ^ J 1 » J L> 4 _^oULI 

. 4_u j j "LI Cjl 1 1 ,,L>JI ^ l-ltjeTu-ul^ d d i ~< -n 1 1 4-^lLiJI ciiljuJLlj 

3 j i^j_ac_til d 1 3 i L I 1 cjLlJjjJIj i ( _ JT iiljM^ j" j ,i 1 1 jjj_uojJI d_a, l**-" i nil ^JLjj/I j^ 3 J 

* 

obyLull Jl IjjjvIj ifj a jlaJt (JaJ^cJjJI 3 j /j %.! ^Jl 4_bLual ■ ^ ‘l*»l < * gL I I < n^ilall 

Jl j/3 lP 3 J *' 1 ' 1 " 

- 2 i C l A 1 1 CjLuiI^JlJI (^3j c1iJ4.in (j-bjVl i~.l 'j< .., 1~ T | ^|jl3ULuiI 

* 

CjIj^>U1j jijJtill j_c. 3jjL-oJI 4 _i ■*>■. j-t I l^JI jlaL* _i o ,■>■ J 4.j ^Lll ^Ij^a'iJI JUu 

* 

L^j|^o.V (j^jSLLoil 1 juv 4^« j^j La d Isis 3j_Jii.~U.il djjLLJI ^ju^JIj i_^IjSJIj 

tiijjjj . jj£L)l Lgjjjjjj j^Lalj ij-lLuaJll dJui> 4_ufcU Jjjv dlLajijL-a 

• (jr <.ij— iL> Li_iLaj j ^ SJ I <— djJaJ) jlaLLaj t-cwiLclj 3jJL_t_I_4 <.~il jL . ,.1~ <.Ll <_> a I n 1 i ll 

i^j-£- 4 m^ , » ill 4 » .i.VI J ^ J t i !l j_a ^jll tj_UaJI 4_i_uljjJ 4 jj_u^_UI CjL aSLLU I i-fjl 4 

eLUj Ij^al_a5 (iLUuaJI Lil 4 n V i^-JI 4jjj_jIjJ| CjUj^LoUJI tijLUtj .i_i^ljSJI 

* 

La .4_uj_o CjLc-Ijl^^I 4_i_ulj jJ Jjjv diljljua jj J u 4 _ijLlUl3 CjLLojx-o 

<— 3_j->JI <— S^LiJI j^Ja d_jjl J j! l CjIjLJLII 4£j_>- i _ r a jJUaJu (juj>-LJI ft l-al»JI 4 ^.|jj 

JljjJj jl i4lj^aj>J| i.~ i, rs i 4_*^iVl ^j^a j^l 1 ■*»* a I j tj^y-UajVI 

I III il l JJJJ ( (jlajVl 4^_>. jl ijLi.iL! I J jLLjJL _J->Jl 

£ _ r S Jj_uoj_ll ^*Jt!l jLLa jC. I aL^ol jLLU lLUJuj l ^» a jj Juj 4jL*jaLl3 I jSJjjJLI 

<— jjS L .mI i 1 1 |<UJ idJSLill <J_L4> c - aIHU j : LijjJI jJLe^a Jjju ^La cLUaUJI 

J_5^- 4 i ii ^L« -4 4 _ljIjj j 4_Sj^>. i ii l-.11 3jLI ^JL c. (J.a— *J jj^Lj g-S’ j_jjLw 

(^j— i.VI 33 ^ _ J .^L l ^ I ii . 1 1 CjL j’s I III ~ I I jl j^JI 4_aL_tIal iL^jljJJ 4_nj_uii (ju3ijj l ^ ,i .i 3’i 

.3jj-uajll 4 _u.o ; lL 3 L. t _ajj ^ C J I CjLvjJL ^a J^ljUj CjL. I «_Jiil JjLcjjl ■ • ■ i ■■" d a . ' ~ t, I 
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3ljl pixSsI 


■ol Lg-il 4x>.jjJ ^-U ^ olU' oj $ -wVI ljj^-b -LB cLslxJ (jl-B lj_a> 
tfjjiajj 4xL*iij (Jjjj- 4_^_pexx3 4_ualc. lIiLjj-L-u tLuj 4x_Jj jJ 


cjL^SLu 


Jill d I , , • i ‘ J. 1 1 (-JuUiSjJl 


’. 1 _ 7 xi>j 4 xxxixjj UulUj (ij^Lx Cj L.K JbU 

1 £ C . j l-i i-ti 3jb)Jl 6JLA J— <xxxLjj .4 jj1—4_»-uJ 1 mil Sjlxj (l 

4-uuJUlSI -li r , ~< mI 4.U , u l y i ->- \ II /q J| ^ic- CjU}^ i.il'll xJu#J 3jJ-3JI 

4_i_u -L- kJI (J}U>- (j-4 JL&l iii all tj-uJl (jLuijl 4_flj_u3 4xaJ_>. ( _ 7 il ^eu (j_a J 4 x xx -i l uj I 

(j_« at altlt ^SLaj Jl-Uj .jjjjJLl ^ i ii ->JI 1 1) ( _ y B 3jLjj £x_ix (. k i j ~>- .4 u j til 
^..L.a.'VX < _ T ic. <- 7 ->_jSUuiiJ I SjJL3 ,U~i tjj 3-i^_>uLl l 4 'j.7C-"u.i l u l rtj 3tLu»^/l 4-X-3 Lk 


(20 '1) (JSLiii . (jcR 2) 4x - ii iu .ll 4_uujL*JI 4-^1 1 ha ( _ T ic. g.j } <o J I 



4 J*J ^J| 4 u*JjiJt <3 ■— i . ■■ -a ^VUlJ (20 1 } ( 3 *^ 


^ j-x>Jl ^ 3 ^-oJLuall JxxusLUll (Resolving power) 3jJi SjLj (<_j 

(JjlrcxJl 3 jB Ojfjjt UK 3j j) <o Jt ^j_ju 3J -Sjjx>wl( (j-L*Jlj Lgxxjj (jSUx ^ (jyoJIj u-Jj-M 

3 • / i ) 1 r, ^ i'-i *_j Qja *i ijj 2 Q\“t _t_ a iZL j-Uxj Li_c. j iUUj ^_i . l-j j * v < ii 1~ 11 

J_Lc.jS i^jjjLcUj jujjois I ' ,-3 c .J_aL , k , I jLx-al 4 t IS->J cM l> (^j U IHM' 


. (<| H « U 7C_lX3ljS J- ig- ^X Ijpx3 J Jbuaxl jL&LtiU l—B J ^ l Jl.I.iI 4bLu>3 ^jXS Uq-il I J- 1-3 ' 1 1 



d j . - j i CiLfcjJ 6 (Jjt (jrtX-ljUiiJI Li-iix 4mid 3j u,njj (20 - 2) Ji-L 

4jj1jJI OjK Ii! uj-u3 jjjjJ-ua-sK U-&j m a i l^SUj ^ 4j 1 (jr Lc. 4 j j_ >j > .. ^ . ‘ i 1 1 ^-iLUJI Jjxa 
jjxL-BJ Ci-Uii) (6') jj-4 JbI t2n_»J! JlLc. I — f. ^ if. (jjjjUuaJl ^Vx— g.1 t iiJl <2r}-U>JI (V4 4jjKxil 
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iuSLLi!l OLaljjJI ^ 1~ ! I f l,. y> fc ~u j)l _ 

. (R = 6') 4-i^ujS ‘-‘ ‘ ■< cry«AJ o^h JuL liU jJ_a 

* 

Ajjlj ■--<" ' j i>s*t ^ya ljU>- 4jjl..i~iiU 4_lxxkiil JaLaiJI (jdd J 4jy J X. SjJuLLl ^ J-C. 

d I W ) 1 d t~\1 ' J ^ U I [ l . |*W . ^ 1 In 1 1 _l^JJ_>\jl f-J ‘ -dl I 1 4djjuUlil 4-1 l d~> L»- J_y-5I (6 ) 

iNj**- i djj -L 1 1 1 {Vuull 4 X uu JLo*-d aJ j,j« i d) (J ^ < » (C) 

t 

4_djLaJl %85 < _ r U IL>%J Ijd* 4.»KUu e>j-iiju r > A. 2 , l~> - £ya 

* 

3 M v ^J| Jj-aj (jl (_yjl UjejjJG oULJ I o JL& L-' . ,i JJUj <£xju3j&j 4 -dll-i^a CjI dl t ej 4 KUs-oj 

.(20-3^)^^! 



ol 74-- C (20 - 3) 

jjUi (6 ) (jja 4 U 3 Til o 4 _jj^_3 (E) 4_jjLj 4 M I O a 4,lrtrt,t liJLLa Cj-> 1K I jUi 

^_) ^ La JuLc. j < (C ) t~j i ii (E ) jj^ilLI 

* 

.(19-4 j . >Uls 3 JLLdd SjL>-l j dUiii (JSLti {jr U (jl~U 3*JI (E) <(C) tj’LllaaJLil 


•4 



yjj <ji.i (20 - 4) jsLi 

* 

2 1 1 UK ld\4 jKI 4 -j.UlJuJ 1 d , .. 1 » 1 1 CxjK UK 4j I j_Uc 4 j j. j -> 1 1 1 d-jj. lA i ! I J _L) j 

* 

4j_>-lj U-4J SjjLSjJU 4-U j . >> 1 1 (KLaJJI 3 -- 4-dU.j 3 1->4 jJLual ^jllll 

4_jJLjJI 4 » i.i oJt j. » 3 . .~i j 4-iljJJt 4 Ti i ii. If- j Lid ^Ic i— jj^SUiil~ II 0 U1>0 3 _j5 -V-oJL«j 4. ^U C. 

:< ij}^ mi’ll I (JjJbejJI 3_j5 i i Li-n >J 

(R) = i i j*C , ,, 1~U ilrcTJl S_j5 

D 

(J-JacJlII 3 jU (R) (JUuj iCLilj. ~ <1 ~ 't i nlLi jju/LSjj 4 i \ j„ t ~i1l d ujJulII j Ufi (JUj D <**-j ~^- 
4j^a c^jK LiK 3j_iJLu 3 (R) 4 r.j 4 ojK L«Kj 1 4jjlj iltd-’y (uLjJ^L.) 

,4jjLSjJLI ol o j i.n-'vJl U 1 - 1 J 4_illj1~r~H 
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J ul 4 1 1 


tjLS tips Angular Magnification 4_^ L * ...i t j > •<- t i SjL^ - 

4-ojL^jJ' 1 .1 -> JI 5 > •• < >• 1 i n lj *(300) LAjlj_5_*a d_jjlj ^vjJi .J. if. ^JLuaj p < .. -> .11 


J-4> .) J . * ^ -4 1 Lr^* I 3 jJL 9 (jpi (45°) LfcjljuLo 4j^lj ^ i ‘ **> ) i— J j^SLluATJ 

Sj- 15 =— ° 

3° 


* 

i ij- 3' _L&\ m i n't Lfc l . ii lao l ( jl-n’i ^ i a >Jl (_yjjL^j (j^a JLlc. 4 j 1 1 4jjljJ I 3jLij <jj 

(20 - 5) (J-toVI (_jja ^ * n~>J I 4 -tin (jli> U_4 ^-*£1 lt'-*-!! Cy* x*aJl 



j i «*** {j***} (20 ” 5 ) < «. 


1 » * H t^ya (JfT (_ J lc- 4jjl <1 * n II Jl ^ jX~*ll 4jr Lf- <-Jj^ f <i 1~J I 3j Jl9 

:4jJIjJ1 43>L*JLi * i i <C.,,,*lr..l 1 (j£_a1j>JI t 4_UjjJtj 4^* m* **!1 4-i <1-1. « II 

f 


objective _ aJLuiti i~,_uU ^341 ju* 4 I _ 


f 




eyepiece 4 _.i**ji 4 ^,julU ^341 jLxJt 

4 - 1 _j.*^i js 4 _Lx 3 _l£” »j *»• * 1 1 oj^—us * 4 _i^J_ 2_4 1 .- 1 1 ij*C . ,. I" f I ^a.h t a ^-3 5 jj *^)1 ^ j "~ l 1 J 

*(JjL» 3 jj **-|?l <jt :L^X 4 .<"11 OjLjjJ 3 - V j. L g. lLILuIiJ J-uS 4 ji 5 _Jj 3 tlulf) l 4 j 4 

^j\c. rj ■ ^ H 4 j £jj 33 •’‘‘J >• 4 _>oLiJI 3 jj-juaJI fi * ■ ** I ) (j l *.o 3 j 4 jI LafT 

4 j^JI j JjlS* ^Jl l$jJj 4 j I La^ *^j £1 3 Jj^ll (j 0*4 0 ^i>. 4 t- j~ It l q^SLij I 4 ->-l * a a 

: 4 _JLlll ^^UJL. (j 3 j 3 ->. ! I 4 j|^JI u K«_ij a I *1 mi l 
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4 iCljJI CjLJjjJI CjLj$£ m I~i1t f li l><~ ml 

4, a I .1 « J I 4.1 uJUtll (CwsUaJI SjoJI JL^o . „ ,. 

" — i i jC . „t .H ^ .1 j ii *fc.Jf ^IL^_a 

j i * ^ i H 3 

£-js! jJI a > ill JpLllIj ~r 111 (jjJl-jJI SjLjj (jJl j i*^ J I (_jJa Sjljj-ll 1 a 

4 4 irtlm diL»-ljlj 4-i_arr iq n 4 j(jJI ^ic.j ^j_5c_lL 3 ^^-iiLIaJI i n) I 1 _ 3 -Lc. I^-Lu 4 _*j^iui olj_uj 
(jjj_><j| t-S^Li-ll i~il a it-* f j i3-\!l 4 ^^_>. £j£. 4_>jLj dj lj i l_j_! I iJJLAj n_^_4liaJI I 

- iij i i*C ! I CjL) j^-i-.J- 1 1 dj(^jjlj-!l 4 Jl& jl-ljGj 

Jlj>JI (jyLuuj LbjjL>o »■■ i c- i , t i j j X~l 1 Ljlr. i *11 i a 4-t_a-Ti._~>-. a <-_il t i »VI i^Jl^Jj 

:4aIU1 42 >}UJIj ^£iU <> 1^1 

50 x ('"'l 1 > III) 4_jjjjIIiJ| 4_ujJUl1I j-L-i 4 = ^yic.Vl JL>J1 

<U5LLaJI i'it 'j< . .. H tl tl_^l 

Optical Telescopes 4 J J ^p u- J u J g,..nn 

; L^i |jj | 1 

Refracting Telescope ^isai i 

4j-Jje_a 4 -i-uJ_< 1 Ijj'i.gJ 3 o ^Si 4i£jio 4 jjjl)I jj^o JjjSL L) j iji-JLc. i 4_jlc 4 l’l-aVl 

4-lai.. I . i I I) (_yC. JU < . I j « i l l ^a. ‘ 3r i 1 1 ^C. 5 j J 1 i <— 1 1 1 4-1 )l qjlll 4 j-»^JLI 4_u j I 4_»_l!uV 1 4_«j->. ■ 3 ~ ■ . ~ 

( 3-4 (f) jlaj (_yic.j 4 -i-ujulI 1 3jJj ^yC. jG 5 jl 3 - 1 j 4 U3‘i 1 ^ « <■, ->o j (Objective lense 4 -G-iAll 

4 i ii. ' f* ^ . i "r ~i i mj 4j^Sjj_U Sj^juaJI jjJI ^.1\ UU j| ^a-?cJJl 3 j^j_i-o (j_jSjL) di-L--v 4 ... ' .11 

3 j i i ^ a 5j j) i 3 ^_i 3;1 x.a jj^jJI ^L»l i . ..t~n 4 _)L^_i (_ya ^judjj (eye piece) 4 ^ 

^ * 

La-a>J_>.| ^jr} * 1 1 1 J r (j^s SjLc. t-GiJLjjj < 1 jj 1 . 1 M j j « <>-i jJj Jju clilj 4 _j1j_*JI 4_^.Ul1 Ij - ^<v _...->- 1 1 
( 4 _l ij 1 1 1 4_UJ J-jJLj) 3j — liiLi-jq 3' 1J, -1I ^Lal (_53— >.Vlj LjJ^J I ,J1_^_4 4 -IjkJLJU {_y£ijG 

t— 3J->J 1 ^1 jl ^La^U L^VJhI ^jSLoj 51 ^j~GI (_y a ^1.} (J5 ! Au ^jLl^julII 

4-i 1 j .,1 nil 4 _ljj - 1 — »J I 3)-4 ^ J ilaJl ^ je. ■ J (JL>JLI 4 .... l ..r~ . i i j^ . ..1~ H 4— I 4_i ^ i iVI 

• 4-ul^iII 5 jj 1^1 11 J Sj-p-Vl ^J-4J uit-C K 3j-uLuaJI 3ruJl ^yjl 4 Jjj 
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ijjj i*jl1I J ■ '' ' I 



L< 1 ^ l A ^jl “ l i II-LC. L« (t_ij5i^jJI SjiijL^) d n 1" rr a d^i < i « ! I i~it . .., 1 « tlj 

d_>._jJI 1 L 'j - ^ 1 ‘5 j-s-lj d-i^jj ^jI juljj (Plano conrex 4 jjj-miu 4j j_»^j 

(20- 7 (JSLiJI) 4 -i'm.«.II 4-mjjtil ^jisuLi ^LLLi LJ ^ Li^ juiLUt aL^L JSJ l j y....l \ 



ajjl^Jl JLacj : 


cu^jjl 


fe=I6mm a. 4_j^ 
De-12mm 

(20-7)j^ 


oJLflj m o 4-u-iC. 4 . mi If 1 


^ " U 4 i--. .11 i 3 J . i. u J I i Mint 4 i ^ A ->■ ‘ « j i X~ ,i ^ 1 f I IjLA ^iJ-rc-I 


“dJ 


4_j_L^e— a) 4 _jJ(jJ 1 JLs^-a 4-t.ii JL..C- (j-* t _ 7 JLj_»J I ^LLaJu ( _ r £.JU L_d i giflj . I ^ t j -*■ 

£yi ^Jo-oll Sj_i,«.i^> 4-mJLC.j 4_3- lj_a ^gjJLi^JLI j* L> ■ .< 1 1 <j^SL tiixdt_i (d^j" 1 ■■ a 

.(20 - 8 JSLi) Achromatic Eye Lense 4jjjhl ^ 



,^1 >k r Uoi (20 - 8) j£-i 
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4 _i *> 1 .i 1 1 CjLurlj-lJt OLi^-lIUI f l.i >JLmt 


Reflecting telescope ^uji c-.j,s.^rjt . o 

i L j ■ -' j » n a Q I l g*i it ^ i d lj .■} t-i 5 I jj ■ 1 1 £jA t l ... 1 l 4 J ,1 C 4 1*1 q V 1 {jA^ 

4-j^£La 3 Tj_U jjlc. 4 _«_l1iV| {jA 4jjl^j_4 4^aj^t£ ^-5 e-L 1I jj £. jjLxoJI e- j . tM I i Uii «. » j 

(jjj 3jj_uaJ! 4jaj jj a <i*i\ Jl~J I 4_jjjjI (LgjjJj) 4 lr>4J joJejl] 3 jj_uo 

( Jj_3 (°45) 4j^lj_s SJjLa Bj j a trt 4jg ~i 1 u 4 ~ j j ^J tieJLi-ul 4_»_ij/i/l ( _ 7 il — lUJ t 

1 1 ij ^ j 1 ■ I 1 11 4_ljjj| ^jL>. 4 1 uL> 4 V*) <1 1 ^Jt 4 j3j-_>J I f^yS L*_Jj J_i_Lu Ax-uj ^ I > J 4 l-wi 1 

.(20 - 9 (JSLii/^ 4 _li.u LL a 4-tlir. 4-^-t.r. JU.«1 . .iLj I 4JI j-t^U 



^LxJi (20 - 9) JSLi 


4jjot^a b\ja ^jL- - t T L<.uj (Cassegrain) <_j ^sL_uij l^JLa ^jL^j iHl iaj 

i— i^SLml r Jl £jLj» 4_uj ij-ill 4^oj_>Jl (JjjLSLiljI 5 j. * .ill Sljil Sjjj (jja 3j_; » 

. (20 - 10 ) (JSLiiil . oj . « s 1 1 Sljil j^jA (jJs laBj (j a 
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. I I 


Si 


>7 . 





^UJI y^- r, (20 - 10 ) jii 


v jj 

UVI^ J. d t i /.nj jJlj Lsj t— iLlj)^ . ■ - 1 J I (^jj3 i*%. I La ^_<_ul£L!1 t — i j7\ , , . \ < M Jljlj j IjLA 

d^£UJ! CjLjj^i.ibJl 4_j_i_»_ji (JLi jljjl 4_u>-Lj (j-«J i3 JJ—Xa-a 4_2 Lj%j a 

LjfifJ i— S^Llj. I V 4 jI ^lC^JI 4 j»Lj Vl aOA LJl (jrtj L^UIjJel^lj 

( _ 7 -Li > l jfK t ill i„l I < ~jj.lu d 7 i j. L a I ji .*C~ 1 1 ~Oj^ i\ (J il - *- 111 3 ^3 jl ' r j 'Till a >o 3 ^3 4_o-Lj J_ys 

: I4I0 (JSLl^ LiU j 

Sl^JLl £yi >t ->3 4 JL^Ij 1 11 ,_j-d_u 3 (jJl ^Liaej i^-i..-^- .(J^LlII UjLJjl jJj-d) djj) (j f i» — 1 

l^yjs 1 all) 4 aLllJI 5 j_j_3>JI 3 T_p_JL 1 ^L>-j ^ h t.t-i^ "■ ..* 7 j x- 3 -Il <.^ 7 « j ~v 3 ^_ji all 

~>- J 3 i^-> I <Ttj 4...1 *1 J. 4 jill 4 ,_u JujJI J-L^-j £yl f.J-<uz}\ ji_«_! (lij ■>■ ^_4_uLJ1 t—J^ba ±UI 

t * * 

. LgjcJL-i-u jjIijjl>JI j cjlc.La 3 JI (j^a LJLL < Uul^Lo (j^SL (jl i. < LaLcj <Luu_l*J1 

C.l,i-jxj (_ 1 i 1 n 1 jm- 4 j LJ I < ij'C ■ .. I ~0 4 1 . ,1 rlLi 3 ^.j m.ts> (j ^So a.t *i liiVI cl_<jl c alii) dbLLaJl — 2 

i_fJUL £ a 3 jl>.Ij d j -^. < \ r a j - 1 1~| ~ ( j ( _ u ^L»JI 1— IJ^ 1 ill’ll SljJLI l.a <j 1 d->ll C1 iLu<JLjl!I 

. (Jj-a 4 jjI j (j»a 1 i^SLallil aL>ol jdju j_Lc. jl^_aHioLj L^j 4 jLL*JI 

1—1 • ubJ l i 4 jjLiLo (^ ,^-idl 4 jj^jjL 5 ^ ‘ 3 jlK~.ll ^-j jj-u^Lxll l_ i j^ lu. D I — 3 

u ^~ 3 e 3 (Chromatic Aberration) c-i^.xJI ^ (^LxJl 11 - 4 

i— i^oxll 1 g in (J^ 3 jj_>.jilj L^jutaj>. CjL-uJuJI l^j 

* * 

.( J j . « 1 1 dJLA ^y\ {yz. L>. jj* llLJIj (Spherical Aberrations) 405^1 
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4jCl ii?1 CiLtfljJJt fjA OLh)£ i ii 1~ 11 ^1. t ial 


L-J0J <J| 


^ It* 1 ~'J 4j j 1 ,i " a CjL^j Jj j-omUL ij l^jLi.u.L»J 1 ( _ ? i-C c j_i .'-i J ! tLa ^ . 1 < ,i jLLc. 

■JlrcJjj (4_i J_rc_4 j 4_<aV 4 . .. i r j^lc gjl £ j_ua Ja^ 4JL^> (_j-4-S . <-La_3l_* 1 c j j i^i l 4_>.^_a 
4_jJ_> , 4 . ,. i » II 4_u^ 4 U 3 i ^ ■>■ i ■■ a I ■ 'I tjjJajl ^-a^rlu j 4_iLua^M <GLj^£Ld ^Jl « j-uaJl 

cj—iiaJI 3 jJj ' le. 4 4 . .. \ r 4 U , ,.lj| i Uj-laj I jl_il (jjUl 4_Jb ^4J . 03^^ 


4jjJ-a CjLaL>. L^j Jcaa^cj j-SjJ.1 <_ ;r 3 tLSjj 4_!L|_ua_4 4 l-i 4 i*C ^ pc ill 3 jj-i^> Lil Cjj glr> <3jj^0 


.(20 - 1 1 4 t I^ilj ^_t£l 4jj^ua (^^11 (_j 2 _ilaJI (j(jJLj 



-UjjJJI ^ 1 A . .. If (20 “ 11) JS^. 

&jjj£L3 I ljj i *J I 

. 4jj_>i> ‘ u i o j , j ~> -^J (jj£o tL lx>. 4jJLjJLIj Qj % 4 11 l_j l__^JL I ( _ r 3j oL^JjJI £u_aac_) j Q tVij 

4-uj ) ' M l 4jLiii^l (jl iL-ia. .oJl>. 1_3 4 In 2 1 L7 ^ j bi . .. L7 ^C, JajbL.*JI tj-uaJl j a >j i j5Laj 'i/j 
4-jJ^js l 4— u ^„I>| 1 1 4 « t)iVI (jjfl 4_>-j JU J- i^LtSLu 4 , ,.- L«J1 j£j_a (j-4 SJlxjj j_cj ^^1 

.(20 - 13 JSL2JI) j^Ij (Jj^ 3 i — 1 J l j 4JuiiVl Cj-)L£ (jlj 4 _uj J uJ I j£j-a {jja 



*4j^d\ ^ <*^i jU-ci (20 - 13) jiA 

(J *'* ' ‘ “ jjlc- 4 _ujJ_»J 1 4^>.jl jj jj (1)^4 <■ <j «ll IjL* 

* 

JSLiJI (^a V jlj (para boloid) 
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j-1^4 ^)-u£Lc < ill > L^Jl* jJLlH 5^ loi T u J U 4 V t r\ M oIj^-mJo]| JUJUlII ill LLft j 

jL^kjVI (_y^ j_LTj ^ 1984 ^l_ c. l—ojj) 3_»K S ji cjLj y i Jl iLjusjj 200 43 L a 

.4_l£3_^j 236 4jIj_ 4 j.Lva 1970 ^Lc. Cr^ (jr^ 1 <jjLaj_uuJ1 

* * 

ibtjVI jj^ 1 'i t t a ^L^C. l^La (J-? (_£.>jj * * a $ a SJ^jlIj CjIjjI .3_sLc. i_jjSL.lu.L~J Li 
CiljJ-alSj i Jjj_>J 1 jj4e_4 jl jj_iuLa ^ lc, ^£jjj»o ^jJIj < rtjLiU 4 a i hjuh (JLa 4_iSLLiJI 


(JuA-lSJ (J-uj- Tm ajjjii 3j- rj - V - Ij 1 4-j .L_~ ej3 4 -jjjjJo CaL»ijjij_4J 3jjj_4 4-jSLul_ajj|j 4 j jLc. jjju^aj 
cjLjjjj-ill ,Jj_>o 4 -uijI i ii ~> - L^L->- (J Ln_i - ~ i ..I jl JaaLoJI ^ a _~cjJ 1 ^ j_.>.n 3 j_j. 

(^jjjjJiJI >, ,ii C 1 1 h .~J I 4_jjjjI) 4_lsL>- oj Lj L*J_»j L_Lc.Luaj uIiLjjjSLJI t _ y J 1 4_oj_JaJI 
^jbjJu 4 jjj.^.,>,i<j -3 4 _jiL.ii (j-Lc- tL>Luuj L. ^i » ij-L-iS 4 _jj_jjjSL 3 l oljLu ^ :r Lc. ^J^^askJJ 

^e-L-fl L$J 3 jj_j_o JaLSrJl ^jSLaj ^ jJIj ^<v .•*- i 11 3 jj_lo (jjSLJ jlr CjLjj-jSJI . Lj 3 , ■■ JlLc, 

. 4_J jLc. Cjljxal^ d, t-> ,i, nljj 


Raadio Telescopes SujjjOJI ljLijS.uu.L~JI 


£jljJu (jyuJlj 4 jwjJH 4JjjIo_]| 4_jjJjljJl CjLc.Lxjj'VI JjI 3~ i iuiV (_£j-oljJI l-I jSLmJ oJI ^.a i s\) 

y 

(jjs tLJjJI (\ 5 > i- . j j iSj-l ^jJI (JijLs jIj-LLuLi (_yil (Ju_ajj IjJLa 30 f 0,01 £%-i La 

(jja 4 j jj jljJl CjLjSLuoJLJI q^**} £u_L3Jj 4_gJLLxLl j»J_uuJlj Cj1j4>u11j (jjSLJI 1 4_ajjua 


aj>o 4 ~ A jLj jjjo^LJl u I-. i ii_i J. «, 3 _a (JSLu (jrL- ^-L ~ 6 £ *-J- 


j_a d i i .1 i j 70 L 3 .io 


(_yCJU Jj a C. 4.Io.._uJ fjjt (i u_>. 4 3jJ_JI 3-?4^ u^ 3 I ^ b (JT^I 

. CjLiiL>oVI ^ a~>- 4Sojj»o ^jS_4J jljj (J S L.u A < _ r Ll. (jVjjirejs cjJljfrllj (j_u5L«Jlj ijjjljjJL) 

* 

(Jjj-^j-j (J-u^LlII (^jr I^ill £yC, >UL~. .... a JJ jj lS-41j ct SL1u u uiL-ji (^JS L_UjI1 
4 _jjLjj_^SL11 uZjLlL_jJJ I 4-ux jUj ^J_3j j<u i3ju_jJ1 3 JJjJLa 4 _ujLjj_^ lL>\ <in - U ^1 4JuA 

^lai ^i__ijS! inluoijt) oLi ju jJI 4-j/Lji (jJiA j, (jib'll 4jj_u l(j„a..V I4 aj (JjJlLuJLI (^Jl 4 _>oLiJI 
.J.C . ,. 1~.1I i i 1. > g_!j . JSLjJI (^3 (Jjj La S 4 _uLu_uJI 4 j L -LJI jj_uoJ| (j_>a (jrL*_a < L a j 

3jj_uc3 i~ ■ ■ ■' J t j .L (J-ua > ' cj L jaj.lt J.1 (jt (_jja (j j_u«3u_jJ 1 <— i jS . i J , tl l jjc. (JjjjIjJI 

• 3jjjJLa 4 .il \ j i*.li/'ii (Jj (^jLajjJl 4_»alj^jjja 
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•a^SLLil I CiL^ljoJ 1 '“'i ijC l~.ti 



\ j 300 ^ (20 * 1 ) 3j_j-lo 


4 X ^ a jj -«■ i 3jb j j *0 iJj najJl i 4_2j^ixj <— jjSLuJjJI p ^ ^ I ^ C 

3jb ■ »1 ■ .. -wt 4_JLl!l 4-b>U_JI i x-n. ill i- ; 'j*v . .. 1" 1 1 ( J._lL**ij 3j2a j-a j ■‘'I 1 ' a 

• [_£ JJ J IjJ I l—JJ^ mil'll I (Jjiso 

_ 4jjjj1jJI ia-jii jjia X, (cm) 

*— i,.ii 1* ii 3ij-« D (cm) 

tiJJjJ dlj lq 4-jjl.^^uJI jj-o d ~i i ■ i 1 1 4 jjjj!jJ| ^Ij^a^l 4_bl_L> jjX ‘ ■■■■■! <3| i ^ ‘C 

Jl 

.^u*o>JI 6j-Xj£ 4jjJj|jJI I~*<1 'jC . tl ^ ‘| ■ ^»~ 

* 

42aj (JSLj A-Jj-ijIjJI ^jj„rr,in (jlSLa JU, Ltt “< ) (Ji-ljuJl "1 i A A A 1 > i r n ) (3l.i--v.1j 

jljjj LlAj idll JJ-ajljS 2 t 1S1 I 4b L^ l.C. 1 ^j-lJLC.1 i*i 4 jl LT ,'J^ ' [j-a (j j^“ ' 1 L ‘ ‘-v- ‘ 4 X A A 

* 

j l-i ° l [j-a VjU 4 _Sj 1 i ii I I 4b jl_«J I ^yb ■ ..I* 11 (jo 4 bl . ,.t 1 i **. i -w ^j..l <311 .j 1 1 -»■ i 3jb 

.SijJI 


tLiia-aJl (jov-jj 1 1 i a 1 1 olj j (jc. jjLuaJI (^ . ■' 21 ) (_£jJ.iljJI (_ t j*.jXI JL*jj 

• jijJtjJI (jo La tLu~i4j olj->*il 4_l*i(jJl! oLuokI! 

4 L i— ~> J I jjlaLiJU 3jLc 4jj__c<ajJI 4_XloJI JLjusIj— aJJ t . ■ / 1 1 jlSHI jl ■" -v- 1 i 'ic. 

i— t j^ i ji i 1 1 1 4 JLv j^yb I ,, a ij i ([_y-u3jV I (_£jj>JI t-bjLiJI [j-a j_j_i^ L-4jl-U-aV) 4_JL«Jt 

4 — uC. ( i Li < <3^(1 4_JJJJJ 4 l~i 1 1 j 4 jjjjIjJI oljl liVI jjc. 3 lm 4 3 l^i * a jl_Lj_i.l ^jjjljJI 

,4jLaUI dil jjLLsJI Cj(Sj-^-aj Jj^j 4 ^ L>ilj CiljLu-uJI jj-o 4 X I , ^1 1 CjIjUlVIj 
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1*1 % I I J t 


• 4 h l*i *xX I dduiVl (jLLaJ (__y2 4 _lSLL3lII tltUmljjJI (_y2 i~il ijC i ,i l" 1 1 

a 4_jjjJU 4_diaJAI J c. i“i ) i— i^lj^JI (jx. 5 1 1 i5 % *i 1 1 jl d j ^ -» itl CjLxL » -^Vl (jl_i (<4 ju (jxej 

j-d*J( *— 9jt-*JI j i ~ % jj . 4_aj j_a j_j_c. (jjJaLLa (J..<uJiiT<.il LiOj-l_>. JL3 _cjj t—dJaJI 

3100 Sya (Jill (jJ I ) 4 _l 1 luxl Ij ^ J**~ ' " * ' * (jj 3 H Cjlc.L*-iMJ t 3 i .a j. Id jlie-j) 

(jjo U i (jt V) 40000 - 25000) alj-«->JI 4 jl4uVI 3.0 j i ^ tj_>J tiU 4f>j 

^1 j-Jt_j_i-ii! (ji v .djj * <n *> '.)1 25000 (j-a ,J!al) (j-ll 4 -.AIi Od>4j 5 « mi VI 

pi>JI (_ylx) <>j,j-4l l< j «_> d. ~^ » 1 Jju ((jlsjVI (_y lx L^-ml ijrj 4j3jLo_*J I 4jj_ua_J1 CjLlj^ < nl~ll 

< " ■ ~> - 1 d.t MijU (J-dlSLII t— d-iL^J I 4-uiljjJ dlij-l j ^4_xv.L>-j CjL_*jJ_X i^ljj 4 _> jjllo ( j r a 

i— aM-iil Jjj-ia) t L-i AJ I CjLij^ < all ^ I J-ir -~i-r„.,i I j»JJj 4...j.rr i, n di J (jj_b 4_*_4 iVI jl e- l^-n._>J I 

^JjjjJl^) 4 _JLc cjLcLdjjl jjJ-c- ijJ- > '- 1 JUul^I (Jj^Ls (jx dJJjj ^ (J7 ju3j^I (_5j_>JI 

.(jlsjVI (Jj->- <iitljljL>3 (j^ jjjG l 7-4^ 4-cii. I i l-i t 1 jLiSVI jl ^jjl^uaJI jl cjLjjJLJl jl (747 

f^c. cjLij£ jtitlLi-ulj cx»o 4 ju5jVI d^uiljj (JL»jj (^7^ (jj' »-~‘^4 1 4dvljjj Ixx 

' ' “'* 4_Uj£_oJjJI Sj^^V I (j-A «.lj^_>JI Cx*o 4 jl2uI djUujl 4 K n; A {_yA (.[ jl 

J^>s5?l i?JUi 4 ^JL»JLj jl ^JU nil jl ^kjJtjJI (j^a d_AjLaJI 4 jl2u^I £-£ J-i-l JLu (jpJlj 

jl (^2lkd °77 4_>-jJ , v if.) (jy>- . jj ~I J ill (JjI i lu Sjl a a 4- i .Cjl 53 o- ^ ^l ^_iJaj3 

Jl ■ a~ ,..V Zj i t 4_^J L ^ (^yj, i~)j 1 UjLJ^-i"!) ^4. dlln a °4 3j I j->- 4dvj J JlIc) |* j J Ij (3 1 1 

.e-Lua-ill (3>i «.I^_4_>J1 CLidxiJ 4 jl2u^I 

t_d,x^a (j»o (jjS!-~i!i ^ o o 4_*2 uVI (jx. 4jLil£JI 4 jjJlsJI Sj_^>»5/I (jl ^jJL ^jJL>Jlj 

* 

jj^a lt^>. (J£L4iJ 4 1 1 «-> j_a 4, \ ui jlj^a (j>i (Tlfiy Chips) 3j _I< 1/1 H j-LcuiJI (j A i—3 j ii i n 3. L X jl 

3j J » xaJI 4— uIj^ ^<11 CliljLiil jU 4 fl -r <3-1 A dj"<? ■> ^ (J 1 ^ " | ~| (jT^JIj 

(jJoLULl l _ 7 £ (jr Jx. a-Ij-a-tnJI LIljkj 4-t-ifuVI ^1 jJr.~„ i ,iLi 4 _i*v 1 .i 1 1 .t iolj-11 (jH-pj . 4- > oLUl 

/ 

4 3 tla (jj-^j ‘ j-?4l (j-3 4_ijJojJI 4_i (..‘i ,_laj -v- 3 (j-a Lr^^) SjjLJIj I J— >- 4 « 31 jJLI 

,(jSLat (jl j-idu 1 j- 3 jj-4 1 

■» I, ' ~>- ~ - -I i ■ se. _■ 4 -4 ■ . ,.’ t (jj^ 4_*_J3^ I |»l jJeJLt*iL) 3j^-ll djj_Ld> 4— LiiljjJ 4 _l**l 2JL> Lo) 
jl a I ,%, .ill SjjLc. ^jjl J_u» l^Ls— -K Jj IjuJll >■*•< _i^ (j-d 4_jj_ua^JI CjLj t > _(. nl~l l 4 .1 4 * Il3 Cjlj j ^ < al ) 
(^1 I ,<li,.V LgjLd ijJjLdJ lioupj j-d dll jl (jlsj^l (Jj-2>» tuljljuo (_y5 Jj-i3 4 _ i C. I i i n jLa- 3I 
d i tl c d i , ,il^ • > 1 4J f j l t-< (^1 4-^-ldtj d i ij i>\ 1 1 1 1 ui II dJUb ^j i i> (ji VI tjjlsjVI 

(_yb d i ; . , ,,M 4 ju 1VI jjL-dJ, 4 -j ii.ilL UI ^jj~ < h-^j! (4000 - 12000) 4 j-r mii u <3j^ 
jiLu.1 jLiJI 3jlj_>. 4 j>jj 1 "‘j"** ‘ (Supernova) 3 j^ a- 3 1 a (3j-^ 03^^ 
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a^iAJt OL-fjjJI ^ r.i i jg,..r.n ^ i 
(_yJI ^J-LLaJ 0^3 Li- l~iI i jC . ■■!" * I i . ..I L_.T r -i I j~ ■ ■' Ij t fj i 4 H 1 U a 4^».jJ (jjoLa ,a 

It < A j 4 iii . .. 1 1 d i i L . . S 1 .* CjL^SLlJj f I 1 * J ■ ■■ 11 (\-4 ^^li.ij 4 ll ^ vl * ] I £_a j e. i . -t 1 1 

4jl VI 4 iji , ,,tl 4j_iiVI L^-c-Ls-ta) 4 i it. nil 4 _*_lL>LI 4jLaS-JI 4a£ Loa 4-iil d i n 

t 

l.l !■>. 4_]j_3_i*a_4 jl u3lj l )SLL ^^yic Ll I <1 J 1 a < n» l (^aJ.1 ily l 

0 

t* JLSfcllu-uJ La JUljj 1 4_la-0J f > ^TL>- I JU>- 5 ^_lo^> In 4 «i 1 1 ^a ^ a ^ I 4 * iL l lLsj^ rt 1 41 4 j j I j 

^j_a]1 jl tLxLu-aJ I 4 _jl2uVI (4-Uj-Jojj 1 1 Lj^biJL^) 4_ioli»- t_3_iiil^£ 

. L^iaLLa i5 J-J..1C. cjIj_4 1^<mV >b"i 4 _uL>j-^ SjLiil 

Lj-»_L-c-->o 4 iji.i.-i jljsj-j_4 iCy j^SJI r 1 .^i All £j_a 2_djLjJI Lab*- 4_i_Jul 4_ujljjJ 4 ju-u- 1)L La I 

(_£>-i»l dll l I 3"t J 1 -V~. ml £yl J_j V OiJjJj ^UJI a III l-1—.L^a (_ylc. 4 J— > -lj 3j^J (_y^ 

y 

(jjJL jl j^jjbua j_y]3 (J g ~r ~i j hjLj_lII jl (jj^jVI jLLi 5j-Lo.a ^>jG 3_^_3c_>- cL-Ij (JlLa 3j y It" ,g 
^ q Tr ~i~ j i4_JLi-u CjL> I lj 4_uw^a CjLjjI j^JI jbiJI (jjLu lq jlr Lob-. 4 j_4jI ■ L-j " . .. jJLcj 

(jjJbtJoa a iSjUJLC. Cjl^_a l ^ a j V i n~G (_J^_scj 4-ojL)^ ^ ‘C SjLiil ,_jSLiIi (_ybl diL j ^^ GSJVI 

jljjs (jji l ~-> -~,1 j *C j| LaL>- 4_«_j< L) jLj L jj 4^<T j~ . ,.*vl 1 1 '/I ~.l ^ t J-a «" . ,i~ JlBj . 1 j 1 da l Ut l 

djL& 1946 -4-La iLt-iVI 4wi-ii (Jjyu 4 j 1 ^ VI c | i^r All iJLSj j ~~ j . d l ^ 

.^LVl 

Cj L -^lj-dJ cl tsi 31 1 ( _, 1 1 * O I ^ I * > " ... I l_L& ^^2 LL4i a I j 

4_ »j 4t j 1 gUf . nl~ll 4_u-u_UjJI (_kjlii_jJI llji^ Lj . 4j<UH 

. 4 nl~iil 1 l-gd. I j_j | j L,jb 

^‘j -j ^ LGi j aUum\ 

^t_3^Li-Vlj 4 i i n) I 4^k.jl lL i .i j> . ^ya lU^LJIj d^_i_ubL)l L.‘*il 1 .il il l j\u b (1 


J a*aj JUrO^Jl L-xjuLLU J-S 5XI jLudwV 4j^ullil jj-ii La (2 

y 

^tLoLmil jjyi CjLjjS l i -il~i ll « i ^ I i~i I jLl (3 

* 

Zj-xjZ 4j_jjjIjJI d»L_jSL<jiljil £- 1 ‘ rr* I jU, (4 

tij^ji jliji i ji i^^l 100 o jlis 4jj£ii.l Sjji^ill ^jLUI ^,,<-11 < 1 1 n-k. I (5 

■ ((->^1 4-lLl i J 1 4-mJjtll 1 * * .‘ I ' La I (400) 4 j!u ■'ll 4 , ,. 1 » 1 1 


^lLi J-dtJ I jlij 4 T *11 (jJeJL J-T 3 1 1 La (6 
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